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(57) Iri an OADM system, an O ADM device includes 
an AGTF. The AOTF can select an optional wavelength 
by changing the frequency of an RF signal to be 
applied. An optical signal having a specified wavelength 
can bis dropped from a waveleiigth-nuiltiplexed optical 
signal input from an input terminal, or a wavelength-mul- 
tiplexed optical signal input from an add port can be 
multiplexed with a through optical sigriaL However. cor>- 



sidering the increase in coherent cro^ talk, the AOTF 
shouW be exclusively used for dropping in an actual 
device configuration. Otherwise, a drop optical signal is 
branched by ar> optical coupler with the wavelength 
selected by a trftxitary station! Thus, the wavelength 
selected by the tributary station can be extracted by the 
AOTF from the through optical signal. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to an optical 
wavelength division multiplexing network. 

Description of the Related Art 

[0002] For a future multimedia network, a super-long 
and large capacity optical communicatbns system and 
a light wave network using the system isdemarxled with 
research and development proceeding vigorously 
[0003] A conventional system for realizing large- 
capacity data communications can be a time-division 
multiplexing (TDM) system, an optical time-division mul- 
tiplexing (OTDM) system, a wavelength-division multi- 
plexing (WDM) system, etc. 

[0004] Among these systems for realizing the func- 
tions of tiie above described light wave network, the 
WDM system can utilize the broadbarxi and large 
capacity of optical fibers, and can select, branch, and 
insert an optical transmission signal independent of a 
modulation system or speed using an optical wave- 
length multiplexer/demultipiexer (optical filter). 
[O0O5] That is, the light wave network requires an 
add/drop multiplexer (ADM) for adding/brarKhing sig- 
nals as necessary, and optical routing and cross-con- 
necting functions for selecting a transmission line. 
[0006] An add/drop multiplexer has been studied and 
developed for adding/branching an optical signal The 
add/drop nujltiplexer can be a fixed-wavelength type for 
adding/branching optical signals having fixed wave- 
lengths; and an optional wavelength type for add- 
ing/branching optical signals having optional 
wavelengths. 

[0007] A device of the fixed wavelength type includes, 
for exanple. a circulator and a fiber grating, and reflects 
one of the transmitted optical signals, which has a spe- 
cific vravelength. on the fiber grating to branch it through 
the circulator. When an optical signal is added, the opti- 
cal signal to be added is temporarily transmitted to the 
fiber grating through the circulator. A specific wave^. 
length is reflected on the fiber grating, and the optical 
signal is multiplexed witii an optical signal passing 
through a transmission Bne. 

[0008] In such a device of the fixed wavelengtii type, 
the wsivelengths of addedybranched optical signals are 
determined v»^en tiie system is produced. Conse- 
quently, there is the problem ttiat a large number of 
requests to the light wave network cannot be completely 
satisfied. 

[0009] On the other hand, since the wavelengths of 
added/branched optical signals in a devk^e of the 
optional wavelengtii type can be changed through a 
renxjte operation even after the system has been pro- 



duced, a request to change added/branched wave- 
lengths (channels) can be easily satisfied. 
[0010] FIG. 1 shows an example of the configuration 
of an optical ADM device using an optical switch. 

5 [0011] A wavelength multiplexed light having the 
wavelengths ?1 through?n is input from the input tenrrt- 
nal to a demultiplexer (PMU>0, and is branched Into 
optk»l signals having respective wavelengths. An opti- 
cal signal havbg each wavelength is irput to a 2x2 opti- 

w cal switch provided for each wavelength. The 2x2 
optical switch passes each optical signal through, or 
drops it. 

[0012] The optfeal signal dropped by the 2x2 optfeal 
switch is transmitted to a tributary station (branch sta- 
rs tion). An optical signal passing ttirough the 2x2 optical 
switch is Input to a multiplexer as is. nnult^>lexed into a 
wavelength multiplexed fight, and tiien output. An opti- 
cal signal dropped by the 2x2 optical switch is transmit- 
ted to a tritHitary station. The tributary station first 

20 multiplexes the dropped optical signal through a wave- 
length rTXjltiplexer/denmjlt?)lexer. and then branches the 
multiplexed optical signal to provide an optical sigr>al to 
an optical receiver OR provided for each channel. 
Although not shown in FIG. 1. the optical receiver OR is 

25 provided with a wavelength selection filter^, selects an 
optical signal having a predetermined wavelength from 
among optical s;ignals branched by a wavelengtii multi- 
plexer/demultii)lexer. and receives the selected signal. 
[0013] Thus, an optical signal having a specified 

30 wavelength can be dropped by demultiplexing, by tiie 
OADM devrce, the optical signal wavelengtii-nwlti- 
plexed into signals of respective wavelengths and drop- 
ping each optical signal. At the terminal of a tributary 
station, an opitical signal of a specified wavelength 

35 (channel) can be received by selecting a desired wave- 
length from among dropped optica! signals and receiv- 
ing an optical signal having tiie selected wavelength. 
EspeciaHy, when dropped wavelengths are different 
from each other, the wavelength of an optical signal 

40 received by. for example, the first optical receiver can be 
variable iff a wavelength selectk>n fitter provided before 
the optical receiver 
OR can select variable wavelengths. 
[001 4] An electrk: signal converted from an optrcal sig- 

45 nal by an optrcal receiver OR is prbcessed by an electric 
ADM device (E ADM) for pedorming an add/drop multi- 
plexing using an electric ^gnal: A signal to be transmit- 
ted from a tributary station is output from the E ADM, 
arxJ is converted into an optical signal by an optical 

50 transmitter OS for output, the wavd^igjth of the optrcal 
signal output from each of the optical transmitters OS of 
the tributary statton shown in FIG. 1 is one of the wave- 
lengtiis dropped by the OADM device, and is output to 
an bptk:al switch. An optical switch switches the optk^al 

55 path of an optical signal transmitted from an optical 
transmitter OS, arxi transmits an optical signal having a 
corresponding wavelength to a 2x2 optical switch whk:h 
performs a dropping process. Each 2|>2 optical switch 
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fa. performing a dropping process receives an optical 
signalhavihg the same wavelength as the dropped opti- 
cal signal from the tributary station, and transmits the 
signal to a multiplexer MUX. Thus, the optical signal 
transmitted from the tributary station is multiplexed with 
the optical signal passir^ through the OADM device, 
and is output as a wavelength multiplexed optical signal. 
[0015] An OADM device of an optional wavelength 
type can normally be the above deserved device using 
an optical siwiteh. However, Its does not operate quickly. 
Furthermore, .when an optical network is operated by a 
system using a snwller number of wavelengths than the 
maximum number of multiplexed wavelengths, it has 
output/input ports of a nrujltiplexer and a dOTultiplexer, 
which are not required, and therefore has unnecessary 
equipn>ent Additionally, when a 2x2 optical switch is 
equipped from the beginning, it is an unnecessary opti- 
cal switch consuming the initial investment. 
[001 $1 In the alx>ve described system, since an optical 
signal is branched by the mUtiplexer to optical signals 
having each wavelength, the multiplexer has the charac- 
teristic of a band pass filter for optical signals having 
each wavelength. H devices having such a characteristic 
of a band pass filter are connected in series, small dif- 
ferences in pass barKi are accunrulated and cause the 
problem that the pass band of the entire system 
. becomes very narrow for each wavelength. Therefore, 
to solve the problem, the pass bands of optical devices 
should strictiy match each other, thereby requiring 
severe conditions on the system design. and nrounting 
operations. 

[0017] Furthermore, since the optical signal is AM- 
modulated, a side band is generated in the component 
of a wavelength. If sucli an optical signal e propagated 
through a system having ayery narrow pass Ijand. then 
the wavelength is deteriorated, and the receiving unit 
may not be atde to receive an optical signal. In the worst 
case, the system.cannot propagate an optical signal. 
[0018] The alx3ve described problem occurs when the 
system Is designed such that all wavelengths are tem- 
porarily demultiplexed by a multiplexer/demultiplexer, 
etc, Therefore, when a fiber grating is , used as in a 
device of a fixed wavelength; type, only an optical signal 
having a dropped waveler^gth is removed and the char- 
acteristic of the fiber grating for the components of other 
wavelengths.is flat As a result, there is r>ot the above 
descrtoed problem that the pass band is narrow fpr the 
entire system. 

[001 9] Therefore, the OADM device can be designed 
using a fber grating. Howeyer. since the fiber grating 
itself JsfKKfd tO a selecled wavelength, one is required 
for each vi^velenglh and an optical switch is also 
rec^ired for each f iber gating when an OADM device of 
an optional wavelength type is designed, thereby gener- 
ating a slow device. 

[0020] Furthennore, since the OADM device must 
cooperate with an electric ADM device to process a sig- 
nal, the system is costly when an electric ADM device is 



initially provided for each wavelength. Therefore, the 
system sjhouW be designed such tf«t the sum of the 
cost of the electric ADM device to be provided and the 
cost of the OADM device can be as small as possit>le. 

5 [0021] In response to the request to increase the 
number of multiplexed wavelengths, small switches may 
have to be combined to construct a large scale switch, 
since matrix switches required to process the wave- 
lengths for 32 wavelQTigths are not available. In this 

10 case, however, a scale of a switch beconr>es very large, 
and it is undesirattle when considering a down-sizing of 
the equipment of an OADM system. 
[0022] To solve tiie above descrtoed problem, an 
acousto-optic tunable f flter (AOTF) can be used. Since 

15 the AOTF extracts only the light having a dropped wave- 
length in the same n)anner as a f ftDer grating, the vrave- 
length characteristic for the optical signal is flat, thereby 
solving the above described problem that the pass band 
is rianrow for the entire system. Furthermore, unlike the 

20 fber grating, a wavelength to be dropped is optionally 
selected. Consequently, the OADM device of the 
optional wavelength type can be easily designed. Fur- 
thermore. sirKe the AOTF can be used as a wavelength 
selection filter, the band pass filter of the fixed transmis- 

25 sion wavelength type can be replaced with the AOTF as 
a wavelength selection filter of a tributary station. Thus, 
it is a device applicatrfe inmany fields, inexpensive, and 
appropriate for use in an OADM device. 

30 Summary of the Invention 

[0023] The present invention aims at providing an opti- 
cal wavelength multiplexed network and a device which 
are reliatrfe using an AOTF. arxJ excel in cost-effective- 
35 ness. 

^. [0024] The optical transmission apparatus according 
to the preserrt invention in a WDM communications sys- 
tem branches and adds an optical signal having an 
optional wavelength, and includes; at least two variable 

40 wavelength selectionlilters, that is, a first variatrfe wave- 
lertgth selection filter for branching arxJ adding a part of 
optical signals to be brarKhed and added; and a second 
variable wavelength selieclion filter ;for branching and 
adding the optical signals which are to be branched arKJ 

45 added, but have not been selected by the first variable 
wavelength selection filter. With ; the configuratioa the 
optical transmission apparatus branches or adds all 
optical signals to be added and branched using a plural- 
ity of variable vvayelength selection filters: 

so [0025] The optical terminal station according to the 
presjent invention receives; an optical signal t>rarx:hed by 
the optical transmission apparatus for t>rancNng and 
adding an optical signal to be branched and added, and 
transmits an optical signal to be %kied to the optical 

55 transriTission apparatus in a WDM optical comnmmica- 
tions system The optical terminai station includes a 
wavelength multiplexer/denrxjltiplexer for multiplexDrig a 
requested number of optical signals having a predeter- 
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mined wavelength, and transmitting them as optical sig- 
nals to be added to the optical transmission apparatus. 
The optical transmission system accordir^ to the 
present invention includes an optical transmission 
apparatus for branching an optical signal having a pre- 5 
determined wavelength in the wavelength multplexed 
optical signals transmitted through a transmission line, 
and tor adding an optical signal having a corresponding 
wavelength; and an optical terminal station for receiving 
an optical signal t>ranched by the cptical transmission w 
apparatus and transmitting an optical signal to be added 
to the optical transmission apparatus. The optical trans- 
mission system further includes an optical amplifier for 
amplifying the optical signal branched by the optical 
transmission apparatus as necessary; an optical splitter 75 
for splitting the optical signal into a desired number of 
wavelengths; and an optical filter provided for each out- 
put from the optical spfitter. With this configuration, the 
optical terminal station selects and receives a signal 
having a predetermined wavelength. 20 
[0026] The optical transmission system according to 
another aspect of the present invention operates in an 
optical network containing an optical transmission 
apparatus for branching an optical signal from a trans- 
mission line or adding an optical signal to the transmis- 25 
sion line: arxf a terminal station for receiving the optical 
signal txanched by the optical transmissron apparatus 
and transmitting an optical signal to be added to the 
optical transmission apparatus. The optical transn^s- 
sion system performs the following sequential process so 
of: applying a predetermined RF frequency to a single- 
wave selection AOTF at a receiving terminal of the ter- 
minal station; branctnng a predeternmied optical signal 
by applying the predetermined RF frequency to the 
branching^adding AOTF in the optical transmission 35 
apparatus after confirming that the single-wave selec- 
tion AOTF enters a stable state; applying the predeter- 
mined RF frequency to the single-wave addition AOTF 
of the terminal station after conf irnning that the predeter- 
mined optical signal has been branched by an optical 40 
spectrum monitor; and driving an optkal transmitting 
unit in the terminal station after confirming that the oper- 
ation of the single-wave AOTF has become stable and 
the optical signal, which is monitored by the optical 
spectrum monitor and is to be added, has l>een control-' 45 
led to have a predetermined optical wavelength and 
power. 

[0027] The optical transmission system according to a 
further aspect of the present invention includes an opti- 
cal transmission apparatus for modulating before trans- so 
missibn the optical intensity of a transrrnssion sigrial of 
one or more wavelengths, and transmitting the rrKxfu- 
lated sigr^ in an optically-amplifying multiple relay 
transmission; and a node, provided in a transmissiori 
line for the optical transmission apparatus, having the 55 
function of branching and adding a transmission signal 
ligfH With the configuration, the optical transmission 
system further includes a unit lor PDOdulatirig an optical 



phase or an optical frequency of a transmitted light in a 
transnrtitting unit; a transmitter having a positive sign for 
a chirping parameter of the nx)dulation unit; and a dis- 
persion compensation unit provided between the trans- 
mitter and the transmission line arxj between the 
transnrwssion line and a receiver, for compensating for 
the wavelength dispersion characteristic of a transmis- 
sion line. 

[0023] The AOTF control device according to the 
present invention is provided on the surface of the sut>- 
strate on which ap AOTF is formed The AOTF selects 
an optical signal having a predetermined wavelength 
from a wavelength nudtiplexed optical signal and adds 
or branches the selected signal using the function of a 
surface acoustic wave. The AOTF control device has a 
resonator near the AOTF and detects a change in the 
resonant f requerxry of the resonator so that the surface 
temperature of the AOTF can be measured, the RF sig- 
nal can be controlled t>ased on the measurement result, 
and the operation of the AOTF can be stabilized. 
[0029] According to the present invention, the opera- 
tion of the circuit forming jDart of the system can be 
quicWy performed, and an inexpensive and reliable 
OADM system can be reaBzed by an AOTF, provided in 
an add/drop system, capable of selecting an optional 
optical signal by changing the frequency of an electric 
signal which is applied for selecting an optional wave- 
length. 

Brief Description of the Drawings 
[0030] 

FIG. 1 sfK>ws an example of the configuration of the 
optical ADM (OADM) device using an optical 
>• switch; 

FIG. 2 shows the basic principle of the OADM 
device using the AOTF; 

FIG. 3 Is a tTlock diagram showing an example of 
the basic configuratibn for the OADM device 
designed using an actual AOTF; 

FIGs. 4A and 4B are block diagrams showing 
examples of the configuration of the OADM device 
for broadcast using AOTFs; 

FIGs. 5A and SB are block diagrams showing the 
prindple of the redurxiarrt conf igiiration of an AOTF 
and a transmis^n line in the OADM device; 

FIG. 6 sfxwvs the first exanrijc^le (1) of the practical 
configuration of the OADM dekoce using an AOTF; 

FIG. 7 shows the first example (2) of the practical 
configuration of the OADM device using ah AOTF; 
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FIG. 8 shows the second example (1) of the practi- 
cal conf^ration of the OADM device using an 
AOTF; 

FIG. 9 shows the second example (2) of the practl- 5 
cal configuration of the OADM device using an 
AOTF; 

. FIG. 10 shows the third example (1) of the practical 
configuration of the OADM device using an AOTF; to 

FIG. 1 1 shows the third example (2) of the practical 
configuration of the OADM device using an AOTF; 

FIG. 12 shows the fourth example (1) of the practi- is 
cat configuration of the OADM device using an 
AOTF: 

FIG. 13 shows the fourth exanple (2) of the piracti- 
cal configuration of the OADM device using an 20 
AOTF; 

FIG. 14 shows the configuration and the concept of 
a laser bank used to provide a light to generate an 
add 0F>tical signal; 25 

FIG. 15 is a chart (1) showing the method of con- 
trolling the dropping AOTF in the OADM device; 

FIG. 16 is a chart (2) showing the method of con- 30 
trolling the dropping AOTF in the OADM device; 

FIQ. 17 is a chart (3) showing the method of con- 
trolling the dropping AOTF in the OADM device; 

35 

FIG- 18 is a chart (4) showing the nr^ethod of con- 
trolling the dropping AOTF in the OADM device; 

FIG. 19 is a chart (5) showing the method of con- 
trolling the dropping AOTF in the OADM device; 40 

FIG. 20 is a chart (6) showing the method of con- 
trolling the dropping AOTF in the OADM device; 

FIG. 21 is a chart (7) showing the method of con- 45 
trolling the dropping AOTF in the OADM device; 

i^IG. 22 shows the conf juration of the AOTF; 

FIG. 23 shows the transmission characteristic of so 
the: AOTF shown in FIG. 22; 

FIGs. 24A and 24B show the wavelength selection 
characteristic wrfien the AOTF shown in FIG. 22 is 
designed as a 3-stagemprTOlithic AOTF on the SI*- ss 
^strate. and the wavelength is selected using the 
SAW liavirig the same frequerrcy; 



FIG. 25 shows the application technology for the 
temperature dependerK:y of the AOTF; 

FIG. 26 shows the temperature dependency of the 
resonator; 

FIGs. 27A and 27B are charts (1) showing the fluc- 
tuation of the selection characteristic oi the 3-stage 
AOTF and the countermeasure against the fluctua- 
tion; 

FIGs. 28A and 28B are charts (2) showing the fluc- 
tuation of the selection characteristic of the 3-stage 
AOTF and the countermeasure against the fluctua- 
tion; 

FIG. 29 shows thef irst exanple of the general con- 
figuration of an AOTF ctrive circuit; 

FIG. 30 shows the second example of the general 
configuration of an AOTF drive circuit; 

FIGs. 31 A and 31 B show the design of the OADM 
system containing the OADM device; 

FIGs. 32A and 32B show the cortf iguration for dis- 
persion compensation at the OADM device; 

FIGs. 33A and 33B show examples (1) of disper- 
sion condensation units provided at the adding and 
dropping tenninals of an OADM device, a transmit- 
ting unit and a receiving unit; 

FIGs. 34A and 348 show examples (2) of disper- 
sion compensation units provided at the adding and 
dropping terminals of an OADM device; a transmit- 
ting unit ard a receiving unit; 

FIG. 35 shows an example (1) of a ^^ation the 
configuration for dispersion compensation; 

FIG. 36 shows an exanple (2) of a variation the 
configuration for dispersion compensation; 

FIG. 37 shows an exanple (3) of a variation the 
configuration for dispersion corrpensation; 

FIG. 38 shows an exanple (4) of a variation the 
configuration for dispersion compensation; 

FIG. 39 is a graph (1) showing the dispersion com- 
pensation and the waveform deterioration charac- 
teristic; 

FIG. 40 is agraph (2) showing the dispersion com- 
pensation and the wav^orm deterioration charac- 
teristic; 
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FIGs. 41 A and 41 B show dispersion tolerance 
when the phase margin is 70% or more; 

FIG. 42 shows the configuration of the OADM node 
in the 2-fiber BLSR; 5 

FIG. 43 shows the protection path (1) of the OADM 
node in the 2-fiber BLSR; 

FIG. 44 shows the protection path (2) of the OADM io 
node in the 2-fiber BLSR; 

FIG. 45 shows the configuration of a nornoal 2-f ber 
BLSR network provided with an OADM node; 

75 

FIG. 46 shows the configuration when the optical 
catile is disconnected in the 2-^toer BLSR network 
provided with an OADM node; 

FIG. 47 shows the conf iguration of the OADM node 20 
in a 4-fiber BLSR 

FIG. 48 shows the configuration of a rtormal 4-f ber 
BLSR network provided with an OADM node; 

25 

FIG. 49 shows the configuration when the optical 
cat)le is disconnected in the 4-fiber BLSR network 
provided with an OADM rxxJe; 

FIG. 50 shows the configuration when a rxxte is 30 
faulty and the optical cafc>le is disconnected in the 4- 
f iber BLSR network provided with an OADM node; 

FIG. 51 shows the configuration of a rxxde in the 2- 
fiber BLSR in the system in which bi-directional 35 
transmission is performed using a single fiber; 

FIG- 52 shows a protection path (1) when a bi- 
directional OADM node is applied to the 2-fiber 
BLSR network; 4o 

FIG. 53 shows a protection path (2) when a bi- 
directional OADM node is applied to the 2-f ber 
BLSR network; 

45 

FIG. 54 shows the configuratkMi of a normal 2-f ber 
BLSR network provided with a bi-diredional OADM 
node; 

FIG. 55 shows the configuration when the optical 50 
cable is disconnected in the 2-fiber BLSR network 
provided with a bi-directional OADM node; 

FIG. 56 shows an example of ttie configuration of 
an optical 1+1 protection switch; and 55 

FIGs: 57A and 57B show the concept of how a 
regenerator can be added in an optical transmis- 



sion line. 

Description of the Prefenred Embodiments 

[0031 1 FIG. 2 shows the basic principle of the OADM 
device using an AOTF. 

[0032] In FIG. 2, a wavelength multiplexed optk:al sig- 
nal having the wavelength of ?1 through?n is input to an 
AOTF 10» and eight waves are added/dropped. It is 
obvious that the number of added or dropped wave- 
lengths is not limited to this value. 
[0033] An optical wavelength is selected by the AOTF 
10 by applying a conrespdnding RF signal (electric sig- 
nal) to a wavelength to be dropped. In FIG. 2. a wave- 
lengtti multiplexed optical signal having the wavelength 
of?1 through ?n is input to the AOTF 10. Eight RF sig- 
nals having the frequencies of f 1 tiirough fn correspond- 
ing to the wavelengths ?1 through ?n are applied to the 
AOTF 10. 

[0034] The optical signal having the wavelength corre- 
sponding to the frequency of the RF signal applied to 
the AOTF 10 is output to the drop port of the AOTF 10. 
anrpTFf ied by an optk^al anplifier 20, and is then input to 
an 8x1 coupler 11. The coupler is designed as an 8x1 
coupler because the number of the dropped wave- 
lengths is eight- The 8x1 coupler 11 branches the 
dropped optical signals of the number of the wave- 
lengths. The biranched optical signals are the same opti- 
cal signals, and contain all optical signals having the 
dropped wavel^igths. Additionally, an AOTF . and an 
optical signal having each waveler>gth is transmitted to 
an electric ADM (optical signal receiver) 17. 
[0035] On the other hand, the AOTF 10 not only drops 
an optical signal having a predelemninecJ wavelength, 
but also adds an epical signal having the same wave- 
length as the dropped signal, because the AOTF 1 0 has 
the function of dropping an optical signal having a cer- 
tain wavelength and simultaneously adcfing an optical 
signal having the same wavelengtii as the dropped sig- 
nal. Therefore, it is necessary only to apply to the AOTF 
10 an RF signal having the frequency corresponding to 
an optical signal having the wavelength to be dropped 
or added. 

[0036] An optical signal to be added is generated by 
the configuration shown on the left in FIG. 2. A laser 
dkxJe LD 19 is a light source, arxJ the LDs lOhaving the 
wavelengths of the signals to be added are provided for 
the number of optical signals to be added. The lights 
having the wavelengths of ?1 through ?8 output from 
the laser diode LD 19 are temporarily multiplexed by a 
8>8 coupler 18. arxf are then denujltiplexed. The darwl- 
tiplexed lights are anplified by an optical amplifier 15. 
and are input to an AOTF 14 functioning as a wave- 
length selectkwi filter. The AOTF 1 4 extracts a light hav- 
ing a wavelength to t>e used in transmitting an optical 
signal from a light in which the wavelengths ?1 ttirough 
?8 are multiplexed. The light having the wavelength 
extracted by the AOTF 14 is modulated by a nKxJulator 
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16 into an optical signal. Thus, the generated optical 
signals having respective wavelengths are multiplexed 
by an 8l»1 coupler 12, anplified by an optical amplifier 
21, and input to the AOTF 10. The AOTF 10 nmiltiplexes 
ah add opticat signal with a through light, and is output 
to an output terminal; 

As described above, only one AOTF 1 0 can, in principle, 
realize the function of the OADM device. However, since 
the actual characteristics of an AOFT cannot be exactly 
those e^ained above, various devices are practically 
required. For example, an add optical signal input from 
an add port of the AOTF 10 is slightly output to the drop 
pCMi as a result of the cross talk of the AOTF 10. Since 
an add light has the same in wavelength as a drop light, 
there arises a cross talk referred to as a coherent cross 
talk, thereby greatiy deteriorating an optical signal 
Therefore, when an OADM device is designed actually 
using an AOTF, the coherent cross talk should be 
avoided. 

[00371 When the AOTF 10 does not add/drop a wave- 
length, the optical amplifier 21 is stopped or the 
selected band of the AOTF 10 is set off. If the optical 
amp>lifier is operating, an ASE (amplified spontaneous 
emission) ligN is added as a rx>ise to the through optical 
signal even if an optical signal is not added, thiereby 
deteriorating the SN ratio. If the selected band of the 
AOTF 10 Is set off. then the ASE is added outside the 
band of the through optical signal. As a result, the dete- 
rioration of the SN ratio of the through optical signal can 
be avoided. 

[0038] FIG. 3 is a block diagram showing an example 
of the basic configuration for the OADM device 
designed using an actual AOTF 
FIG. 3 shows tfie configuration in which an AOTF is 
used to drop an optical signal. An opticat signal input 
from an input terminal is amplified by an optical anplifier 
30 to conpensate for a bss in the transmissk>ri fine, and 
input to an AOTF 31 at the first stage. The first-stage 
. AOTF 31 drops only a part of the optical signals having 
, the wavelength to be dropped. The optical signal which 
has passed tfvough the first-stage AOTF 31 is input to 
an AOTF 32 at the second stage, arxl optical signals 
having the other waveler>gths to be dropped are 
dropped. Thus, the dropped optical signals are multi- 
plexed by a coufjier 35, and branched for the number of 
receivers OR. At this time, an optical attenuator 38 is 
providecl at the terminal of the drop port of the AOTF 31. 
The optical signal dropped by the AOTF 32 and the opti- 
cal signal dropped by the AOTF 31 are set to approxi- 
mately the same level and input to the coupler 35 
because there is a consfderat:>le loss in the AOTF, and 
there is a large difference in level between an optical 
signal passing through CKie AOFT, and an optical signal 
passing through two AOFTs. K drojpped signals , are 
:transnniitted with a difference in level between; them, a 
lower^level optical signal cannot be successfully ampti- 
,fied ieyen if the optical amplifier tries to amplify it at the 
receiving terminal or t)efore reaching the receiving ter- 



. minal, -thereby failing to correctly receive the signal. 
Thus; the requested wavelength of a dropped signal is 
selected by a wavelength selection filter 37 of an AOTF, 
etc. and is received by the receiver OR. 

5 [0039] Another output port is added to the coupler 35 
for tenrtporarily multiplexrhg optical signals dropped by 
the AOTFs' 31 and 32, and an optical signal from this 
output port is input to an optical spectrum monitor 39 to 
monitor the existence of a dropped optical signal, the 

10 wavelength and power of each optical signal, etc. 

[0040] The optical signal which has passed through 
the first and second AOTFs 31 and 32 contains only the 
; optical signal having the wavelength not to be dropped, 
■ and is input to a coupler: 33 as a through light of the 

75 OADM device. From the optk;al transmitter OS. an opti- 
cal signal having an AM^modulated wavelength (wave- 
length of a dropped optical signal) is multiplexed by a 
coupler 36, and input to the coupler 33 as an add optical 
signal. Thus, the through light and the add light input to 

20 the coupler 33 are multiplexed vwth each otfier, anrpli- 
fied by an optical amplifier 34. and output through a 
transmission line. 

[0041] In a conf iguration exanr^le shown in FIG. 3, all 
optical signals to be dropped are dropped by the first- 

25 Stage AOTF 31 and the second-stage AOTF 32 accord- 
ing to the wavelength selection characteristic of the 
AOTF. That is. the AOTF 31 has a broad wavelength 
selection characteristic when an RF signal is applied. 
Therefore, when adjacent optical signals-set at a 0:8nm 

30 interval, which is regulated in the Recommerxlation 
Draft of ITU-T G.692, are being dropped, a cross talk 
occurs and intenrupts the reception at the receiving ter- 
minals; Therefore, the AOTF 31 br.32 actually indicated 
a angle block is designed as a three-stage mono- 

35 lithic AOTF mounted in series on one substrate. With 
^ this configuration, the wavel ength selection characteris- 
tic can be narrowed^ but not sufficiently. Theref3re. two 
stages of AOTFs are provided. At the first stage, for 
example, the wavelengths of an optical signat are hum- 

40 tiered sequentially, from one end to the other to drcp 
only the wavelerigths having odd or even ordinal num- 
iDers. At the secorxi stage, the optical signals having 
wavelengths of odd or even ordinal numt>ers not 
dropped at the first stage are dropped: With this cohfig- 

45 yratipn, two adjacent optical signals can be dropped at 
ti>e interval ofwavelengths of 1 i6nm. thei-eby sufficientiy 
reducing the cross talk wen with the wavelength selec- 
tion characteristic of an AOTF. 

^[0042] . Furthennore. with the configuration shown in 
50 FIG. 3, an add optical signal can be multiplexed directly 
by the coupler 33 without using an AOTF. As descrit^ 
atDOve. the A©TF has the function of adding an optical 
signal havktg the s^e wavelength as a dropped opticat 
. ^signal. However, if ttie AOTF, has the function of both 
55 adding and dropping signals..then;the lights on the add- 
ing side arernixed with the ligfrts on the dropping sideto 
generate a cross talk. At this time, since the wave- 
lengths of the add light and the drop tight generate the 
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same coherent aoss talk, the beat component gener- 
ated by a cross talk becomes large, and the optical sig- 
nal cannot be correctly received at the dropping 
terminal. When a corresponding wavelength is 
extracted from a through light, an add light can be mul- 5 
tiplexed to the available grid (position of the wavelength 
of an optical signal). As shown in FIG. 3. the add light is 
nuiltiplexed to the through light. 
[0043] In FIG. 3, two AOTFs are used to branch all 
optical signals to be dropped. However, the number of 10 
AOTFs is not limited to two, and more than two AOTFs 
can be incorporated. Thus, when a nun*>er of AOTF are 
irKorporated, the interval erf wavelengths between opti- 
cal signals having the ctosest values of wavelengths 
among optical signals to be dropped by one AOTF can is 
be enlarged, thereby reducing cross talk. 
[0044] FIGs. 4A and 4B are block diagrams showing 
exannples of the configuration of the OADM device for 
broadcast using AOTFs. 

[0045] As shown in FIG. 4Ai the wavelengths of ?1 20 
through ?n are wavelength-multiplexed and transmitted 
from the input terminal, amplified by an optical amplifier 
40. and mpiii to a coupler 41. The coupler 41 brarKhes 
the input optical signal into two portions one of which is 
input to an AOTF 42. and the other of which is dropped 25 
and input to a coupler 46 of a trSxitary statk>n. The opti- 
cal signal input to the coupler 46 is branched by the cou- 
pler 46. The nunf*er of branches can be the number of 
wavelengths of the lights used as dropped lights or can 
be the total number of wavelengths. Since the optical 30 
signals branctied t>y the coupler 46 contain the optical 
signals having the wavelengths of J>l through from 
whfch a wavelength selection filter 48 selects and 
extract a l^ht having the wavelength to be used as a 
drop right 35 
[0046] On the other hand, the wavelength selected by 
the wavelength selection f ilter 48 from the optical signal 
transmitted to the AOTF 42 Is further selected by the 
AOTF 42, and is output to a selection port. The selec- 
tk>n port is not connected to any unit, and the selected 40 
optical signal is discarded. An AOTF 43 is also provided 
after the AOTF 42 so that, as descrtoed attove by refer- 
ring to FIG. 2, one AOTF can drop a portion of the opti- 
cal signal having the wavelength to be dropped and the 
other AOTF can drop the remaining wavelengttis of the: 45 
optical signal; thereby reducing the cross talk when a 
wavelength is selected. 

[0047] The through light vifhk;h has passed through 
the two AOTFs 42 and 43 is input to a coupler 44. and 
multqslexed with an add light. As described by referring so 
to FIG. 2, a requested wavelength is selected from 
amor^ the fights from the light source by a wavelength 
selection filter 49 as an add light, modulated by a mod- 
ulator 50. and input to a coupler 47. The add light multi- 
plexed by the coupler 47 is input to the coupler 44. 55 
multiplexed with the throu^ light, amp&f ied by an cpti- 
cal ampMier 45, and then transmitted thropgh a trans- 
mission Bne. 



[0048] In this example, the add optical signal is 
obtained by.selecting a light from a light source by the 
wavelength selection filter 49 and then nxxJulating it by 
a modulator 50. Furthermore, an add optical signal can 
be generated by modulating a light from a fight source 
and then selecting a wavelength from the light. 
[0049] FIG. 4B shows a broadcasting furKrtion. 
[0050] Assume that the optical signal having the 
wavelength of ?1 is to k>e broadcast by OADMs 1 
through 3 when the OADM device shown in FIG. 4A is 
connected through a transmission line as shown in FIG. 
4B. The OADM 1 drops the wavelength off ?1. However, 
the AOTF does not select the wavelength of ?1 . or add 
an optical signal to the grkJ of the vravelength of ?1- 
Then, the optical signal having the wavelength of ?1 
passes through the OADM 1 and is input to the OADM 
2. The OADM 2 also drops the optical signal having the 
wavelength of ?1. and the AOTF does not select the 
wavelength of ?1. Then, the optical signal having the 
wavelength of )>1 is transmitted to the OADM 3. The 
OADM 3 drops the wavelength of ?1 . The AOTF selects 
the wavelength of ?1. and dscarcte the optical signal 
having the wavelength of ?1. As a result, the optical sig- 
nal output from the OADM 3 is a signal in which the 
wavelengths of 72 through ?n are multiplexed as long as 
a new optical signal having the wavelength of >1 is not 
added. 

[0051 ] Thus, with the configuration Shown in FIG. 4A, 

since the OADMs 1 through 3 can drop the same optical 

signals having the wavelength of ?1, the broadcast 

communications can be easily realized. 

[0052] FIGs. 5A and 5B are fcrfock diagrams showing 

the prindple of the redundant configuration of an AOTF 

and a transmission line in the OADM device. 

FIG- 5A shows the redurxiant configuration of the AOTF 

in the OADM device. 

[0053] A 1x2 switch 60 is provided at the input termi- 
nal of the OADM and two paths are provided for the 
input optical signal and can be switched from each 
other. The work AOTF and a protection AOTF are con- 
nected to the tvwo output ports of the 1>2 switch 60. After 
each of the AOTFs, a wavelength multiplexer for multi- 
plexing an add light is provided. That is. in FIG. 5A, the 
upper configuration is for cunrent use. and the lower 
conf iguratk>n is for standby use. They are connected to 
the two input ports of a 1 x2 switch 61 . The 1x2 switch 61 
switches from the optical signal from the work AOTF to 
the iaptical signal frohi the protection AOTF and vice 
versa so that either of them can be output through the 
transmission line. The 1)>2 switch 61 is provried at the 
output terniinal of the OADM device. 
[0054] FIG. 5B shows the redurtdant configuration of 
th^ transmission line other than the OADM device. 
[0055] The transmission line has a duplex configura- 
tion, that is. work and protection configuratiiDns. and is 
provkfed with a 1x2 switch 62 at me inpiit terminal of the 
OADM. The 1x2 switch 62 selects the work transmis- 
^on line or the protection transmisskwi line, and trans- 
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mrts an optical signal to the AOTF. After the AOTF, a 
wavelength multiplexer fa* multiplexing an ADD optical 
signal is provided and connected to a 1x2 switch 63. 
The output ports of the 1|>2 switch 63 are connected to 
the work and the protection transmssion lines so that 
the 1x2 switch 63 can select either of the transmission 
lines to transmit an optical signal. 
[0056] In FIGs. 5A an 5B, only the AOTF or the trans- 
mission line is duplex: Hiowever. both the transmission 
line and thie AOTF can be duplex. In this case, the 1x2 
switches at the input and output terminals of the OADM 
device are replaced with the 2x2 switch, and the work 
and protection transmission lines and the work and pro- 
tection AOTFs are connected to the input/output ports 
of the 2x2 switches. In this case, since there are no 
actions to be taken when the 2x2 switches are out of 
order, the 2x2 switches should also be duplex to pro- 
duce a more reliable system. That is, a 1x2 switch is 
provided for each of the work and protection transmis- 
sion lines so that either the work 2x2 switch or the pro- 
tection 2x2 switch can be selected to receive an optical 
signal The 1x2 switch is also provided after the 2x2 
switch so that either the work or the protection 2x2 
switch can be selected to receive an optical signal. This 
configuration can t)e applied to either the input or output 
terminal of the OADM device, and the duplex configura- 
tion is applied not only to the AOTF and the transmis- 
sion line Ixit also to the switch for switching from the 
work configuration to the protection configuration or vice 
versa. 

[0057] FIGs. 6 and 7 show the first exanple (1) of the 
practical configuration of the OADM device using an 
AOTR 

[OOSfif] The optical signal input through the transmis- 
sion line is; first input to an optical amplifier (in-line 
amplifier: 11^). The optical amplifier has two amplifica- 
tion media (indicated by triangles). Before an optical 
signal is anrrplified by a first amplification nr>edium, a part 
of the optical signal is branched and input to a switch of 
an optrcal spectrum monitor unit. Ttie switch of the opti- 
cal switch monitor unit sequentially switches input opti- 
cal signals, transmits an optical signal to a spectrum 
analyzer SAU, and analyzes and monitors the state of 
the optical spectrum at each point The spectrum ana- 
lyzer SAU is controlled by a spectrum analyzer control- 
ler SAU CNT The spectrum analyzer. SAU analyzes 
sequ»itially switched and input optical signals; concur- 
rently outputs the data of the analysis result, arxl is corv 
trplled by the spectrum analyzer controller SAU CNT. A 
control signal isf transmitted such that the spectrum 
state can be optimum at each point through the control 
line not shown, in FIG. 6 or 7. Otherwise, an operator 
can go to directly rnonitor: the state of the spectrum. 
[0059] The optical signal anpTified by the first amplifi- 
cation medium of the optical amplificatipn unit ILA is 
input to the dispersion compensatiGn f ber DGF to sup- 
press the dispersion in the transmission line. Then, the 
optical .signal is input to the second amplification 



medum, and the powered opttcar signal is iriput to the 
OADM device. The BST connected to the second ampfi- 
fication niedium of the optical amplification unit is 
referred to as a booster, and provides a punp light for 
5 use in optical amplification to an anrpDficatidn rnedium, 
for example, an erbiunrvdoped fiber. 
[0060] The optical signal amplified by the o^jtical 
amplification unit ILA is input to a switch unit PSW 1 for 
thie above descrbed redmdancy. The switch unit PSW 
10 1 is defscribed lateir in detail. The optical signal which 
has passed through the svvitch unit PSW 1 is input to a 
tunable filter module TFM. Ah optical nx)rttor is pro- 
vided at the input terrhinal of the tunable filter nnodule 
TFM to monitor whether or not nrK)diiles are appropri- 
75 ately connected to each other, detect the power of the 
input optical signal, and notifies the control linit (not 
shown in the attached drawings) of the monitor and 
detection results. The control unit analyzes the nronitor 
result^ and determines whether or not the modules are 
correctly connected and the optical signals are normaBy 
transmitted. For example, when a nx»dule is not corr 
rectly connected and a strong light leaks, it is harmful to 
a person near by. Therefore, the optical switch must be 
turned off. or any other actions should be taken for 
safety. Such an optical monitor is also provided at the 
output terminal of the tunable filter module TFM, and 
t)asically lias the same function as the monitor provkied 
at the input terminal of the tuniattle filter moduIe TFM. 
[0061 1 The optical signal which has passed the optrcal 
monitor is input to an AOTF 1. The AOTF 1 is controlled 
by the control signal from tfie controller GMT of a tur>a- 
ble filter driver TFD.^That is. the control signal from the 
controller CNT is applied to the drcurt {in PIG. 6, it com- 
jDrises an amplifier and a PLL circuit) for generating an 
RF signal; and the thus generated ;RF signal is applied 
to the AOTF 1 and an AOTF 2; In the AOTF 1, for exam- 
ple as described atx)ve, optical signals having the wave- 
lengths of even ordinal numbers' are selected and 
output to the upper port shown in FIG. 6. The dptkal 
signal which has passed through the AOTF 1 is input to 
the rx>larization nxxfedispersk}n:connpensator PMD. 
[0062] As descrtoed later, the AOTF converts only the 
mode of the optk^al signal having a predetermined 
wavelength by the cooperatk)n of the TEmode light and 
the TM mode light of the input optical signal with tfie sur- 
face acoustic wave (SAW), and switches output ports. 
The. AOTF is norn^lly made of a-material of birefrin- 
gerwe such as lithium niobate. and there arises a differ- 
ence in transrnission speed between the TE nnbde and 
the TM nxxJe of the optical signal which passes thi-ough 
without receivtr^g any process. At this time, the time dif- 
fereruie is approximately 50 ps when one devwe of the . 
AOTF has a S^stage configuration (descrik>ed later). :lt is 
requested tfiat the OADM devk:e accorcfng to the 
present embodiment be used in a system having the 
transmissk>n speed of 10 Gbps. hfowever, at a speed of 
10 Qjps, the time slot assigned to one bit is about 100 
ps. Therefore, since the polarization mode dispersk)n 
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generated by passing through the AOTF causes the two 
modes an approximately 50% difference in time slot, the 
optical signal canrK)t be normally received as is. As a 
result, a polarization mode dispersion compensating 
process is performed each time one AOTF is passed 
through. A typical method of compensating for polariza- 
tion mode dispersion is to connect the axis of a PANDA 
fiber, etc. also having polarization nxxie dispersion nor- 
mally to the axis of the AOTF. With this connection, the 
fast mode in the AOTF is slowly propagated through the 
PANDA fiber while the slow mode in the AOTF is propa- 
gated fast through the PANDA f ft>er. The length of the 
PANDA fiber required to compensate for the polarization 
mode dispersion of the AOTF is approxirriately 20m 
depending on the characteristics of the AOTF, the 
PANDA fiber, etc. 

[0063] On the other harxt. a wavelength-selected opti- 
cal signal, that is, the optical signal at the dropping ter- 
nrtinal is propagated after being converted into the TM 
mode when the optical signal is input in the TE mode 
and irrto the TE mode when the optical signal is input in 
the TM mode in the AOTF in the cooperation with the 
SAW. Therefore/the time in which the dispersion occurs 
in the TE mode t>econr>es equal to the time in which the 
dispersion occurs in the TM mode. Tf>erefQre, the lights 
first input in the TE and TM modes are converted into 
the lights in the TM arxi TE nxxles respectively while 
being propagated in the AOTR thereby generating no 
polarization rrxxle dispersion. 

[0064] The optical signal which has passed through 
the polarization mode dispersion compensator PMD is 
input to an optical amplification unit TFA, arxi the optical 
signal is amplified by the amplification medium. The 
optical signal which has passed tftrough the ADTF 1 
has become lower in intensity because of the loss in the 
AOTF. As a result, there is a difference between the 
optical signal input to the AOTF 2 and dropped therein 
and the optical signal dropped tn the AOTF 1, thereby 
requiring the compensation for the differerKe. For 
example, the loss in one AOTF is approximately 10 dB. 
In the optical signals aplif ied by the optical arrplification 
unit TFA, the optical signals tiaving the waveler>gths 
assigned \he odd numbers are branched; and the 
remaining optical signals are passed through in the 
AOTF 2. 

:I00651 The optical signals to be dropped and 
branched in the AOTFs 1 aixJ 2 are multiplexed by the 
2x2 coupler, ampiried again by fhe optical amplification 
unit TFA, and transn^tted to the trftxitary station. On the 
other harxi, the optical signal output from the other port 
of the 2x2 coupler 1 is irput to a spectrum analyzer SAU 
of the optical spectrum nrx)nrtor unit through an optical 
attenuator, and H is determined whether or not the 
wavelength or the power of the dropped signal satisfies 
a predetermined starxlard. 

[0066] The optical signal which has passed through 
the AOTF 2 is irrput to the polarization mode dispersion 
compensator PMD as described atx>ve, and is then 



input to the 2x2 coupler 2 of the switch unit PSW 2 
through the, optical monitor unit after the polarization 
mode dispersion has been conpensated for. Also, an 
add optical signal is input to the 2x2 coupler 2 ol the 

5 switch unit PSW 2. The add optical signal is amplified by 
an optical anrplifier PWA 1 to compensate for the loss 
generated during the transmission from the tributary 
station. Furthermore, the dispersion is compensated for 
by the dispersion compensation fitter DCF, and then the 

■to optical signal is input to the 2x2 coupler 2. The through 
optical signal and the add optical signal are input to the 
optical anrplifier PWA 2 through a switch for redun- 
dancy, amplified by the excited light from boosters BST 
3 arxi 4, arxi txanched by a coupler. Most optical sigrmis 

15 are output from the coupler to the transmission Bne, but 
a part of the signals is transmitted to an optical spec- 
trum monitor unit for analyzing the wavelength displace- 
ment and the power of the optical sigr^ having each 
wavelength. An optical signal is amplified by the optical 

20 amplifier PWA 2 to compensate for the loss generated 
by passing through the entire OADM device. 
[0067] FIG. 7 shows an example the configuration of 
the tributary station in the system using the OADM 
device shown in FIG. 6. 

25 [0068] An optical signal dropped by the tunable filter 
module TFM is wavelength-demultiplexed t>y the wave- 
length demultiplexer of the tributary station. In the case 
shown in FIG. 7, the optical signal is waveIength<Jemul- 
tiptexed into 32 waves having the wavelengths of ?1 

30 through ?32. The optical signal having each of these 
wavelengths is received by an opto-electrical conver- 
sion unit OE of the existing optical network, converted 
into an electric signal, and further converted irrto a sig- 
nal for use in the network, for example, ah optidal signal 

35 having the wavelength availat>le in the network if it is a 
^-wave optical network. On the other hand, in the signal 
output unit of the existing optical networK etc.. the elec- 
tric signal is converted by the electiro-optical conversion 
unit EO into the wavelengths of ?1 through ?32 of the 

40 optrcal signal dropped as shown in FIG. 6. These optical 
signals are adjusted in relative levels by an attenuator, 
wavelength-nriiltiplexed by a wavelength nmiltiplexer, 
and transmitted by the OADM device shown in FIG. 6 as 
add optical sisals. 

45 [0069] FIG. 6 shows a drop optical signal havirrg 32 
wavelengths, arxi as if all of these 32 wavelengths were 
being used» However, when tiie system is started, it is 
not necessary to use all of these wavelengtiis; that is, 
only a part of them can t>e used. In this case, the 

so number of wavelengths dropped by the tunable filter 
module TFM shown in FIG. 6 is smaller than 32. 
[0070] H the wavelengith derriuttiplexer has branched 
the optical signal into optical signals having r^ective 
wavelengths as shown in FIG. 6, then n is difficult to 

55 appropriately change the wavelength to be rieceived. 
For exarrpte, when it is requested that an optical signal 
having the same wavelength is to be received at tiie 
recervirig terminal, a signal must be branched from one 
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port of the wavelength demutliplexer However, if the 
original. configuration does not allow such a process, a 
coupler, etc, for branching an optical signal from one 
port must be newly provided. 

[0071 J FIGs. 8 and 9 show the second example of the 
practical configuration of the OADM device using an 
AOTF - \ ' 

[0072] The configuration shown in FIG. 8 is the same 
as that shown in FIG. 6, and the detailed explar^ation is 
omitted here. - 

[0073] An optical signal input through a transmission 
line IS ampFified by an opticaLampliftcation unit ILA. The 
dispersion compensation f ber compensates for the dis- 
persion, arxJ the optical signal is input to the switch unit 
PSW 1. The switch unit PSW 1 is designed to provide 
work arKi protectbn configurations for redundarrcy. The 
optical signal output from the switch unit PSW 1 passes 
through the optical monitor unit of the tunable filter mod- 
ule TFM. The drop optical signal is dropped by the 
AOTFs 1 and 2. and input to the 2x2 coupler 1. 
[OO74] A part of the output from the 2x2 coupler 1 is 
input to the spectrum analyzer SAU. and the Sfpectrum 
is analyzed. The drop optical signal multiplexed by the 
2x2 coupler 1 is first amplified by the optical arrplifier, 
and then branched by the; 1x4 coupler. In FIG. 8. the 
..fiumber of wavelengths is 4. but is not limited to 4. The 
optical signal branched by the 1x4 coupler contains ail 
drop vyavelerigths,^ and the = AOTF of the receiving unit 
TRB 1 in the tributary station extracts each wavelength. 
This AOTF has the function of extracting a predeter- 
mined wavelength from the optical signals received 
from the ,1x4 coupler. When it is not necessary to 
change the wavelength of the optical signal to be 
dropped, a convnpri band pass filter can be used. An 
AOTI; is used to f lexil>ly answer a request from the user 
of this system The user normally requests to change 
the wavelength of an optical signal to be added/dropped 
during the operation of the system. The AOTF of the 
tritsutary station, which is a wavjelength selection filter, is 
controlled by the tunable filter controller TFC now 
shown in FIG. 8, In FIG. 8. only two AOTFs are pro- 
vided, but there can be four ^TFs provided wfien four 
yvaves are used for drop optical signals. 
[0075] A through light nql drppped by the AOTF 1 is 
input to an ppiicaVa being processed in a 

polanzatior) nr>ode dispersion compens^ process by 
the polarization mode dspersion cdnpensatpr PMD. 
and is then input to the AOTF 2. Thus, as described 
above, two stages of AOTFs are provided to drop a part 
of wavelengths by , one AOTF, for example, optical sig- 
nals having^ayelengths off even ordinal numbers, and 
to drop the remaining waveler>gths, for exan^ple. of odd 
orcfinal numt^ers by another AOTF. With tNs configura- 
tfon. the cross talk generated by a relatively large half- 
width of the wavelength selection characteristic of the 
AOTF can be rrtnimized: 

[0076] After the optical signal has passed through the 
AOTF 2, the polarization mode dispersion compensator 



PMD compensates for the polarization mode disper- 
sion. and the optical signal passes through the optical 
monitor, and is then irput to the 2\>2 coupler GPL 2 of 
the switch unit PSW 2 andmultiplexed with an add opti- 

5 cal signal. In the case shown in FIG. 8, since there are 
. four wavelengths of drop lights, there should also be 
four wavelengths of add tights. A 1 x8 coupler is provided 
in the coupler CPL 4 for future upgraded configuration. 
However, only the ports 1 through 4 are currentiy used. 

10 The add optical signal 4 is amplified by the optical 
amplifier PWA 1. After the dispersion compensation 
f ber DCF has compensated for the dispersion, the opti- 
cal signal is input to the 2x2 coupler CPL 2 in the; switch 
unit PSW 2. The through light and the add light are mul- 

15 tiplexed with each other, and is input to the optical 
amplifier PWA 2 at the output terminal of the OADM 
device after passing through the protection iswitch (for 
switching current and standby configurations). After 
being input to the optical amplifier PWA 2, the optical 

20 signal is powered by pump light sources BST 3 and 4 to 
be amplified in power, and is then output to the trans- 
mission line through the coupler CPL A part of the opti- 
cal signal branched by the coupler CPL is transmitted to 
the spectrum ar^lyzer unit SAU for analyzing the status 

25 of the optical spectrum output from the OADM device, 
and is used in, monitoring whether or not the OADM 
device is normally operating. 

[0077] FIG- 9 shows the configuration of the add light 
transmitting terminal of the tributary station." 
30. [0078] The add optical signal transmission unit com- 
prises a laser bank, an optical nrxxfulation unit, and an 
electric ADM device (E ADM) not shown in FIG. 9: The 
data to be transmitted is transmitted from the electric 
ADM device as an electric signal, and is used as a drive 
35 signal for use in modulating a light from the laser bank. 
V [0079] The laser bank comprises a plurality of laser 
diodes for outputting lights having different wave- 
lengths. They are stored in the laser cfiode units LDUs 
#1 through #4. There is arxjther conf iguralfon for redun- 
40 dancy for use when a fault occurs. There is a current 
configuratipn (work) and a starxlby configuration (pro- 
tection) for the laser diode unit LDU. Furthermore. 32 
laser erodes are provkied to output different , wave- 
lengths so that ti^ie wavelength of theoptk:al signal to be 
45 added can l>e converted into any of the 32 wavelengths. 
The ligfits output frorn these laser diodes are multi- 
plexed by a wavelength multiplexer to generate a light in 
whk:h 1 through 32 wavelengths are multiplexed., With 
the redundant laser diode unit, there are current and 
slanctoy configurations for the wavelength multiplexer. 
[0080] After being output from the wavelength multi- 
plexer, the light is amplified by an pptfoal amplificatfon 
unii the optical arnpW ication unit, is also redundantly 
designed. That is, the optical amplifkation .unit has two 
arnplificatfon media between which an attenuator is 
inserted. The attenuator acflusts the intensity of an ind- 
dent light to the ampfrfication medii^ at the . second 
stage. After the optical signal has been ampfified by the 
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amplification mecfium. a part of the signal is branched 
by a coupler CPL and input to a coupler unit CPL 3. The 
branched optical signal is input to the spectrum ana- 
lyser unit SAUL The spectrum analyzer unit SAUL com- 
prises a spectrum analyzer controller SAU CNT and a 
spectrum analyzer SAU controlled by the spectrum ana- 
lyzer controller. The coupler CPL outputs to an optical 
nnonitor port an output light required when the system 
operator manually checks the output light from the laser 
t^ank. The analysis result from the spectrum analyzer 
unit is transmitted to the laser diode controller LDC not 
shown in FIG. 9, and is used to control the laser diodes. 
As shown in FIG: 9, t>oth the spectrum analyzer unit 
SAUL and the laser diode control unit LDC are redun- 
dantly designed. 

[0081 J Thus, a plurality of laser diodes having different 
wav^engths are provided and the lights are used with 
their wavelength multiplexed t>ecause the laser which is 
able to modify an oscillated wavelength is very unstable 
and inefficiently functions in the optical conununications 
in which the oscillated wavelength should be completely 
stable. 

[0082] After the lights output from a plurality of laser 
diodes are multiplexed, they are amplified by an optical 
amplifier and input to a H>8 coupler of the coupler unit 
CPL 3. The 1|^8 coupler branches only the input light 
having the wavelength to be used for an add optical sig- 
nal, and transmits the light to the optical modulation 
unit. In this case. sirKe there are only four wavelengths 
of the optical signal to be added/dropped, only four 
ports of the 1>8 coupler are actually connected. The 
remaining points are used to provide a light for an opti- 
cal nrKxJulator {rw* shown in FIG. 9) provided for the 
commurdcatiorTS^ine in the opposite direction. 
[0083] The f ber connected to the output port bf the 
1x8 coupler is transmitted to the optical nrKdulation unit 
having a nruxJulator provided for each of the wavelength 
of the optical signal to be added. In FIG. 9, the configu- 
ration off only one modulator is shown, txjt there are 
actually lour nxxJulation devices of the same configura- 
tion. From the ligtn transmitted from the laser bank, a 
light having the wavelength to be used for an add light is 
selected by the AOTF at the first stage of a wavelength 
selection unit TFR 1. The selected light having the 
wavelength is input to a modulator Mod of the modulator . 
unit. On the other hand, data is transmitted as an optical 
signal having a predetermined wavelength from the 
electric ADM device, received by the receiver OR, and 
converted into an electric signal. The electric si^al is 
t>rar>ched by a distributor, arxJ applied to the nxKfutator 
Mod through a digital f Iq^kp D-Ff^ and an electric ampli- 
fier. The modulator Mod receives the electric signal, 
mbdulates lor output the optical signal having the wave- 
length selected by the AOTF at the first stage off the 
wav^ength selection unit The nrxxiulated optical signal 
is branched by the 1x2 couplers one of which Is 
detected by the controller to check whether or not the 
optical signal has been conectly modulated. The detec- 



tion result is fed back to the electric amplifier, and an 
adjustment is made such that the modulator Mod can 
stat)ly operate. 

[0084] Thus, the optical signal modulated by the mod- 
5 ulator Mod is amplified by an optical amplifier POA. 
input to the AOTF at the second stage of the wavelength 
selection urtit, arxl transmitted as an add optical signal. 
After the signal is amplified by the optical amplifier POA. 
it is then passed through the AOTF again to renx>ve the 
10 noise generated in tiie optical amplifier POA. This AOTF 
is designed to select the same wavelength as in the 
AOTFs in the former stage of the wavelength selection 
unit 

[0085] When the wavelength of the Bgrt to be added 

15 is selected from the light provided by the laser bank, an 
AOTF is used, not a filter for selecting a wavelength of a 
fixed type, because the AOTF can easily change a 
wavelengtii to be selected when the wavelength of an 
optical signal to t>e added/dropped shoukJ be changed. 

20 [0086] The optical amplifier POA in the latter stage of 
the modulator Mod can be a 1-wave amplifier by first 
selecting only one wave to be used for an add optical 
signal by the AOTF in the former stage of the wave- 
length selection unit, thereby realizing a small amplifier. 

25 As described at>ove. an optical signal can be first nxxJ- 
ulated. arkJ a wavelength can be selected later. How- 
ever, in tNs case, the aniplifier in the latter stage of the 
nrxxJulator nrujst be an optical amplifier for k wavelength- 
multiplexed light. Therefore, a larger amplifier is more 

30 costiy. 

[0087] FIGs. 10 and 11 show the third example off the 
practical configuration of the OADM device using an 
AOTF 

[0088] FIG. 10 shows a tiransmission line redundantiy 

35 designed as work and protection configurations. As 
described later, a ti^ansmission line can be redurxJantly 
designed in several ways. For example, a UPSR (uni- 
directional path swHch ring), a 2-fft>er or 4-fiber BLSR 
(biklirectional lihe switch ring), etc. can be adopted. 

40 FIG. 10 shows a 4-fiber BLSR where the transmission 
line (PB) refers to a transmission cable to the LB switch 
provided in the OADM device in the trahsmissran line in 
the opposite direction off the 4-fiber BLSR. Thfe trans- 
nrrission line (P) refers to a transmission catrfe to the 

45 Osteal 1+1 protection switch (l+tSW) provided in the 
OADM device in the transmisston line in the opposite 
direction of the 4-fiber BLSR. They are provkJed for the 
redundant transnussbn line and OADM device. The 
redundant system is described later. 

so [0089] The optical signal input through the current 
transmisston Khe is ahnpTiffied by an optical amplrfkiation 
unit IIA and the dispersion is compensated for by the 
dispersbn confpehsation fiber OCR Then, the Siignal is 
input to ttie switch unit PSW 1. The switch unit PSW 1 

55 comprises an LB switch and a 1+1 switch. Actually, one 
off them can be provided depending on which is used in 
tiie network, a 24iber BLSR or a 4-fft)er BLSR. 
[0090] After the optical signal has passed through the 
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switch unit PSW 1 . a drop light is dropped by the above 
desaibed function of the^tunable fitter nxxJule, and the 
signal is input to the coupler unit CPL 1 having a 1x8 
coupler. The 1x8 coupler branches a wavelength multi- 
plexed, optical signal containing all dropped wave- 

. lengths into B portions^ and . transmits them to the 
receiving unit of the tritjutary station. After passing 
through the tunable filter module, the optical signal is 
input tP the 2x2 coupler of the switch unit PSW 2. The 

, add optical signal transnriitted f rom the trit)utary station 
is multiplexed by the 1x8 coupler of the coupler unit CPL 
4. and amplified by the optical amplifier PWA 1 . The dis- 
persion of th^ amplified optical signal is compensated 
for by the dispersion compensation fiber DCF, and is 
wavelength multiplexed with a through light by the 2x2 

, coupler of the switch unit PSW 2. 
[0091 J An optical monitor is provided for each add 
optical signal having each wavelength before the 1x8 
coupler of the coupler unit CPL 4. The monitor is pro- 
vided to cf>eck whether the coupler unit CPL 4 is cor- 
rectly mounted. 

[00921 The through light and the add light multiplexed 
by the 2|>2 coupler pass through the 1+1 switch pro- 
v'tded for redundancy arxf the LB switch, arxl are then 
amplified by the optical amplifier PWA 2 for transmission 
through the transmission line. 

[0093] FIG- 11 shows the configuration on the tribu- 
tary station side in the practical exampTe shown in FIG. 

^0. ■ . ■ 

[0094] On the; receiving sade, receivers TRB #1 
through #8 (1) are.prpvided for thenumber of optical 

jsignals dropped and branched from the OADM device. 
The configuration of only the receiver TRB #1 is shown 
in f IG. 1 1 for detal description here 
[0095] First, the drof^ed optical signal contains eight 
waves. When the optical signal is Input to the receiver 
TRB #1 (1), rt is amplified by an optiQ^^ amplifier AMP 1. 
The optical amplifier AiyiP 1 receives a pump light from 
the punp light source BST. The amplified optical signal 
is branched into the number of wavelengths of the opti- 
cal sigrials dropped by the 1j>4 coupler of the coupler 
unit CPL 2, In this example, it is branched into ft>ur por- 
tions. Then.j they are input to the transpprxJer #1 - for con- 
verting the wavelen^ of optical 
detailed configuration is omitted here, there are lour 
transponders #1 thrpu^ #4, and each jpf them receives 
an opticaJ sigrial output fi^ the lH cPHP^er^ ■ 

, [0OGW5] When the optical signal^^ to the trans- 

ponder #1. an optical signal havirig one^^^ is 
selected by . the AOTF functioning, as a wavelength 
selections Bter. and is .copveiled Into an electric sigrial^by 

^the ppttcal.rec^yef OR. The electric sigriai is branched 

. intplwvo by^the d^fribulpr, a^^ to the modula- 

tor Mpd through tte 

tier. TTie nr)odulator^ receives, lights from tf^e laser 
bank-LDEIK on the transmitting side. An appropriate 
wav^efigth is selected by ttie AOTF 1 from among the 
wavelengths transmitted frw bank LDBK^ and 



islhen output. The output optical signal is amplified by 
the optical amplifier PGA. and the noise componerrts of 
the ampWier are removed by the AOTF 2. Then, the 
optical signal is transmitted to another network, etc. 

5 Thus, when data is transmitted to another network, a 
dropped optical signal cannot be transmttted as is. As a 
result, a transporxJer is provided to convert the wave- 
length of an optical signal into an optj6narwaveler>gth. 
The output from the modulator Mod is branched by a 

10 1x2 coupler, detected by the controller, and fed back to 
statMlize the operation of the modulator Mod. 
[0097] Thus, the operation of ihe transponder on the 
receiving side is basically the same as that of the optical 
modulation unit shown in FIG. 9. 

15 [0098] On the transmitting skie, a light for use in nrod- 
ulation is transmitted from the laser t>ank LDBK not 
shown in FIG. 11. The light is transmitted to the coupler 
unit CPL 5 of the transmitters #1 through #8 (2). When 
the light is input, it first passes through the optical nripn- 

20 itor for monitoring whether or not the coupler unit CPL 5 
is successfully connected. Then, it is l>ranched into 
eight lights, and anplif red by the optical amplifiers AMP 
#1 through #4. Among tiie eight lights, only four lights 
are used to generate an add light signal, and the other 

25 four lights are transmitted to the transponder on the 
receiving side as the wavelength conversion lights for 
the optical signal. 

[0099] Among the lights from the laser tank, the four 
lights used for generation of an add optical signal are 
30 input to the AOTF 3 of the transponder #5. and the 
wavelength for generation of an add optk:al signal is 
selected arxJ transmitted to the modulator Mod: The 
data which is transmitted as an optical signal from 
another network, and whose add light shouki be modu- 
35 lated is anplified by the optical amplrtier AMP 2. Then, 
it is branched by the 1 H : coupler. The wavelength is 
selected by the AOTF 5, and the optical signal is con- 
verted by the optical receiver OR into an electric signaL 
Since the operatk>ns after this step are the same as the 
operations for the transponder on the receiving side, the 
detailed description is omitted here. The ackJ optical sig- 
nal output from the AOTF 4; is multiplexed by the 1x4 
coupler with the similarly generated optical signals of 
the transponders #6 through #8i and then transmitted to 
the OADM device as an add optical signal. 
[01 00] FIGa 1 2 and 13 show the fourth example of the 
practical configuration of the OADM device using an 
AOTF. ; 

[0101] ' Sirice the configuration shown in FIG. 12 is 
generaDy the same as the configuration shown in FIG. 
lO^Ihe detailed explanation is omitted here. In FIG. 12, 
the fine, connection is not nriade at the adding tenninal. 
However, it is only omitted in FIG: 12. Actually; an add 
Gptk:al signaHrahsnrtilting ternriinal of the tributary sta- 
ftion should be connected. 

[01 02] The optical iSignal input througti the transmis- 
sion line is arTplifiedl)ytt)e optical amplifier. The disper- 
sion in the t^nsmission line is conpensated for by the 
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dispersion compensation f ber. Then, the optical signal 
is input to the switch unit PSW 1 for switching the work 
and protection units. The switching operation depends 
on the redundant conf iguration of the network. In this 
example, a 4- fitter BLSR is used. After the optical sig- 5 
nal has passed through the switch unit PSW 1, a drop 
light is dropped by the tunable filter nKxJule. The drop 
optical signal is transmitted to the receiving terminal of 
the tributary station by the 1x8 coupler. The through 
optical signal is input as is to the 2x2 coupler of the w 
switch unit PSW 2. The add optical signal is first multi- 
plexed by the 2x8 coupler, and is amplified by the optical 
amplifier PWA 1 . The dispersion is compensated for by 
the dispersbn compensation fiber DCR Thea the opti- 
cal signal is multiplexed by the 2x2 coupler with the 15 
through light. The 2x2 coupler and the 2x8 coupler can 
be a 1x2 coupler and a 1|>8 coupler respectively. A cou- 
pler having one more output port is used in this example 
for convenience when the state of the multiplexed opti- 
cal signal is to be monitored. Therefore, h is not always 20 
necessary to use a 2x2 coupler and a 2x8 coupler. 
[0103] The optical signal obtained by multiplexing an 
add optical signal with a through optical signal passes 
through a switch (1+1 switch and LB switch) for switch- 
ing work and protection configurations. Then, it is ampit- 25 
tied by the optical amplifier PWA 2. and transmitted 
through the transmission line. 
[01 04] FIG. 13 shows an example of a variation of the 
configuration of the receiving side of the trtoutary sta- 
tion. 30 
[01 05] The receiving unit TRB #1 refers to the config- 
uration when the network connected after the trilxitary 
station is a single-wavelength network. After a drop opti- 
cal signal chopped from the OADM device is amplified 
by the optical amplifier AMP, the signal is branched into 35 
four portions by the 1x4 coupler of the coupler unit CPL 
2. The number of the branched portions is 4 because 
the number of the wavelengths to be dropped by the 
OADM device is defined as 4. The optical signal 
branched by the 1}>4 coupler is transmitted to each 40 
AOTF, and the optical signal of each wavelength is 
selected. When the optrcal signals having the respec- 
tive wavelengths; of ?1 through ?4 are selected, they are 
transmitted as is to the single-wavelength network. If the 
wavelength of the optical signal supported by the sirigle^. 45 
wavelength network is not the dropped wavelength of 
the optical signal; a transponder for converting a wave- 
length is provided t>efore the connection of the single- 
wavelength network so that the optrcal signal having the 
supported wavelength can be transmitted. so 
[0106] In the receiving unit TRB it2, the network con- 
nected after the tributary station is a multiple-wave- 
length network. However, it is a wavelength-multplexed 
system of up to four waves. The drop optk:al sigr>al 
dropped from the OADM device is amplified by the opti- ss 
cal ampDfifer AMP. branched into tour portions by the 
1x4 coupler, and then input to the wavelength selection 
units TFR #1 through #4 provided for each output port of 



the 1H coupler. In the AOTF. only one wave is extracted 
from the drop optical signal. The extracted optical s^nal 
is amplified "by the optical amplifier POA for a single 
wavelength, and is input to the AOTF again. The AOTF 
at the later stage is, as described above, provided to 
remove the noises from the optical amplifier POA. Thus, 
the drop optk^al signals extracted by the wavelength 
selection unit TFR #1 through #4 are multiplexed by the 
2x4 coupler, and transmitted to the wavelength multi- 
plexing network. If the dropped wavelength is rxrt sup- 
ported by the next wavelength multiplexing network, the 
wavelength is converted foi* connection through a trans- 
ponder. 

[01 071 The receiving unit TRB #8 refers to the config- 
uration of a tritxjtary station when connected to a net- 
work supporting a wavelength multiplexed optical signal 
having four or rmore waves. When four or more wave- 
lengths of a drop optical signal are selected, the wave- 
lengths are selected with two stages of AOTFs used as 
in the OADM device. The AOTF is driven by a tunable fil- 
ter driver TFD. The optical signals dropped by the 
OADM device are all selected by a two-stage AOTF. 
Therefore* no optical signals other than noises are out- 
put to the through port of the second-stage AOTF 
Therefore, a light output from the through port of the 
second-stage AOTF is discarded. Other configuratidns 
and operations are the same as those for dropping the 
optical signal through the AOTF of the OADM device. 
Therefore, the detailed explanation is omitted here. 
[0108] Thus, the drop optical sigrial havirig the 
selected wavelength is multiplexed by the 2x2 cotpler. 
amplified, and then transrtutted to the next wavelength 
muit^jlexing network As described abo^e. if the next 
network does not support the dropped wavetefigth of 
the optical signal, or is using another optical signal, then 
the wavelength of the optical signal is converted and 
transmitted to the network at the next stage. 
[0109] FIG. 14 shows the Configuration and the bon- 
cept of the laser bank used to provide a Rght for use in 
generatting an add optrcal signal. 
[0110] To produce an OADM system of an optfonal 
wavelength type, an optfoal signal having an opibnal 
wavelength should be dropped^ and samiltianeously an 
optical signal having a corresponding optional wave- 
length shouki be added: To attain this, an optical signal 
having an optfonal wavelength should be generated on 
the trilxrtary station skiei. Therefore, a light source capa- 
ble of optionally changing an wavelen^h is required. 
However, it is very difficutt'for a laser c£ode wkiely used 
as a light source to charkge a wavelength because tfie 
laser iis origirially designed to emit a stror>g li^jhl when 
the Bght is transmitted between reflectir^ mirrors with 
an emission meicfiiim inserted between thelfh The oscil- 
lated wavelength depends on the characteristic of the 
emissfon medium and the optical distance between the 
reflecting minrors. Partiailarty. when differerrt wave- 
lengths are to be oscillated from the same laser, the 
optk:al distance between the reflecting mirror must be 
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variable. However, there are no appropriate methods to 
attain this. Currently, the optical distance can be 
changed by mechanically changing the positions o1 the 
reflecting mirrors, or changing the tenperature to adjust 
the refractive index of the emission medium. Mechani- 
cally moving the reflecting mirrors requires a movatjie 
unit of the laser. This is subject to displacement of the 
reflecting mirrors, and a laser light cannot be. stably 
emitted. Changing the temperjature to vary the yMxve- 
length allows a laser light to be 5tat)ly emitted because 
the laser has no nwyable units. However, since only a 
small change can be made to the wavelength by raising 
the temperature, the entire grid of the wavelength multi- 
plexing system cannot be covered. 
[01 11 ] Therefore, the preserit embodinr>ent includes a 
plurality of laser diodes eiach of which can oscillate all 
possible wavelengths to be used, and the laser lights 
oscillated by the laser diodes are collectively processed 
as a laser tight for various uses. 
[01 1 2] The configuration of the laser bank is shown in 
FIG. 14. The laser bank comprises a plurality of laser 
diodes 139 for osdQating the wavelengths having the 
respective wavelengths of ?1 through ?n. The wave- 
length oscillated by each of the laser diodes is nroni- 
tored by a spectrum nrwnitor 133 and compared with a 
predetamined reference wavelength value. When there 
is a difference betyveen the reference value arxl the 
actual value, the drive current or the temperature of the 
laser diode 139 which generates an error in oscillated 
wavelength is adjusted to output a predeternrsned oscil- 
lated wavelength. 

[01 1 3] The optical signals oscillated by the respective 
laser diodes 139 are wavelengthHTiultiplexed'by a wave- 
length multiplexer 138 Jnto a single light Then, it is 
amplified by an optical amplifier 136, and a distrOiAjtor 
131.t>ranches only the required number of optical sig- 
na^. . 
[0114] When the light is used, a required wavelength 
is extracted from the light received from the laser bank 
using a tur>at)le filter 132 such as an AOTF. etc, or a 
band pass filter, etc. for genei^ting a fixed selected 
wavelength if a fixed wavelength is to be used. Tfieri, an 
external nKxJulator 135 nrK)dulates the extracted wave- 
length, arid an optical ampliTier 137 amplifies and traris- 
mits the nxxiulated wavelength. 
[0115] Thus, a plurality of fights from a light source 
oirtputting a plurality of wavelengths can be multiplexed 
for use: The fights fiaving any wavelengths output, from 
the ligfit source can be used after extracted through a 
filter. Especially, in an wavelength division multiplexing 
corTttnunicatrans systerri, the .vyavelengtfi of an optical 
signal of each channel is regulaled by the ITU-J Rec- 
omnrjerKlatipn, and the wavelength out of the regulation 
cannot be used. As a result the laser bank is applica- 
ble. 

[0116] FIGs, IS through 21 stKJwthe method of con- 
trolling the dropping AOTF in the OADM device. 
[0117] Although FIGs. 15 through 21 show only one 



AOTF, it is obvious that two of the above descril>ed 
AOTFs can be used. 

[0118] FIG. 15 shows the initial state of the OADM 
system including the OADM device. When a wave- 
5 length- nnjlliplexed optical signal having, for example, 
.32 vi^ves is transmitted from the input temrririal, it is 
desired that the optical signal is not output anywhere 
before the operation of the system. At this time, an RF 
signal oscillator applies an RF signal to an AOTF 140 so 
10 ^that any wavelength of the 32 waves can be selected by 
the AGTF 140. Then, the wavelengths of all the 32 
waves input from the input terminal are dropped, and no 
optical signals are output to the through terminal (output 
terminal). Therefore, the optical signals of all the 32 
15 waves are transmitted to the tributary statioa The tribu- 
tary station branches the transmitted optical signal by 
an optical coupler 142, and transmits it to an AOTF 143 
for selecting an optical signal having each waveler>gth. 
During the normal operation, the AOTF 143 selects a 
20 wavelength to be dropped. However, in the initial state, 
an RF signal is irput. The RF signal has a selected 
wavelength sufficiently away from the optical signals 
having the 32 waves transmitted from the input terminal 
to the AOTF 143 so that there are no light leakage, etc. 
25 As a result there are no vi/avelengtfis to be selected by 
the AOTF 143 from anx)ng the 32 waves, and no optical 
signals are transmitted to an optical receiver 144. Thus, 
in the initial state of the system, all paths are closed, 
and no optical signals are received. 
[0119] An RF signal is applied to the AOTF 143 to con- 
stantly select one wavelength; Therefore, even if no 
optical signals are selected, the RF signal should be 
applied such that one position other than the positions 
of the 32 waves can be selected. As a result, the power 
of the RF signal applied to the AOTF 143 can l>e con- 
stant regardless of whether an optical signal is selected 
' or r>ot selected, thereby stabaizing the operations of the 
AOTF 143 

[0120] FIG. 16 shows the method of controlling the 
AOTF when ho signals are dropped by the OADM 
dwice. 

;[0121] When an optical signal passes through, an RF 
signal oscillator 141 generates an RF signal for applica- 
tion such that the selected wavelength is set at the posi- 
tion other than the positions of. the wavelengths of the 
32 waves Jn the AOTF 140. Although the RF signal does 
not select an optical signal, it contains 32 frequencies 
for selection of 32 wavelengths. Since an RF signal for 
32 weaves is appBed to the AOTF .140 in FIG. 14. the RF 
^signal having 32 frequencies is applied not to nnake a 
large char)ge to the characteristic of the AOTF 140. 
[0122] Thus, the optical signals having 32 waves.are 
transmitted to the through temiirial (output terniinal): 1^ 
optical sigr>als are dropped On the tributary station side. 
Therefore, an optical signal is, not input to the optical 
coipler 142. However, an RF signal is applied such that 
a wavelength position other than^the positions of the 32 
waves can be selected. The RF signal has one fre- 
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quency for selection of only one wave. Thus, as 
described above, the operation of the AOTF 143 can be 
controlled not to be changed with the power of the RF 
signal. Consequently, the optical receiver 144 does not 
detect an optical signal. 

[0123] FIG- 17 shows the method of controlling the 
AOTF when the OADM device drops no optical signals, 
but an input optical signal has a different power for each 
wavelength. 

10124] In FIG. 17, the power of the wavelength 
becomes larger in order from |>1 to ]> 32 when a tilt 
arises. However, the identical function can be realized 
when the power of each wavelength is quite different 
from the power of each other. 

[0125] That is» since the power of a dropped optical 
signal depends on the power of the RF signal applied to 
the AOTF 140, it is desired that the RF signal oscillator 
141 drops more optical signals having wavelengths of 
larger powers, and drops less or no optical signals hav- 
ing wavelengths of smaller powers. As a result, the opti- 
cal signals output to the through terniinal (output 
terminal) are ainwst the same in power. On the other 
hand, on the tritxrtary station side, the numt>er of drop 
lights depends on the power detected when input to the 
AOTF 140. The drop light is amplified by the optical 
amplifier or branched by the optical coupler 14^ How- 
ever, no optical signals are output from the AOTF 143 by 
setting the selected wavelength of the AOTF 143 away 
from the bands of the wavelengths of the 32 waves. 
Therefore, the optical receiver 144 receives no oprtical 
signals and performs no dropping operations. 
[0126] Thus, the AOTF 140 is used not only to drop a 
wavelength but also to adjust the differences in power 
between wavelengths, thereby improving the quality of 
the transmission in a system. 
[0127] The AOTF 140 can also be designed to receive 
an RF signal of 32 frequencies for use in constantly 
selecting 32 wavelengtTis. The AOTF 143 is designed to 
receive an RF signal having one frec^ency for selection 
of only one wave. With this configuration, the operations 
of the AOTFs 140 and 143 can be stabnized regardless 
of the number of wavelengths to be selected, or whether 
or not a wavelength is selected. 
[0128] The operation of compensating for the differ- 
ence in power of wavelengths can be performed, 
through software by providing a control GPU. 
[0129] Fia 18 shows the method of controlling each 
AOTF when the OADM device drops an ojstical signal. 
[0130] In this example, only 72 and ?32 are dropped 
from annong the wavelengths of ?1 through ?32. When 
an optical signal having 32 waves is input from the input 
terminal, an RF signal for selecting the wavelengths of 
?2 and?32 is applied to the AOTF 140 Simultaneously, 
an PR signal having 30 frequencies for selection of 30 
waves is generated by the RF signal oscillator 141 at 
tfie position away from the wavelengths of the optical 
signal having 32 waves so that the operation of the 
AOTF 140 can be stabiBzed. As a result, the RF signal 



applied to the AOTF 140 can select 32 waves, but actu- 
ally dropped optical signals have the wavelengths of 
only 72 and '?32. All the other optical signals are trans- 
mitted to the through terminal (output terminal). 
5 [0131] The dropped wavelengths ?2 and ?32 are 
transmitted to the tributary station side, branched by the 
optical coupler 142. and input to the AOTF 143. An RF 
signal having a frequency for selection of only one wave 
is applied to the AOTF 143. One of the AOTFs 143 
10 selects the wavelength of ?2. and the other selects the 
wavelength of ?32. Thus, one of the optical receivers 
144 receives an optical signal having the wavelength of 
72 while the other receives an optical signal having the 
wavelength of ?32. 
15 [0132] As descrit>ed atx>ve, RF signals oi the same 
power are applied to the AOTFs 1 40 and 1 43 to stabilize 
the operation of the AOTF Additionally, the difference in 
power between wavelength-multiplexed optical signals 
can be suppressed. 
20 [0133] FIG. 19 shows the traddhg of a selected wave- 
length on the tributary station side. 
[01 34] The optical signal dropped by an AOTF 1 80 of 
the OADM device is branched into the number (4 waves 
in FIG. 19) of wavelengths dropped by an optical cou- 
25 pier 181. and an AOTF 182 selects each wavelength. 
However, there can be a difference between the wave- 
length of a dropped optical sigr^l and the selected 
wavelength of the AOTF 1 82 due to a change in fenper- 
ature or the difference in frequency of the RF signal. 
30 Therefore, the optical signal selected by the AOTF 182 
should be ironitored. and the wavelerigth of the optical 
signal should match the selected wavelength of the 
AOTF 182. To attain this, for exanple, a 10:1 optical 
coupler 183 is provided after the AOTF 182 to receive 
35 most of the optical signals by an optical receiver and 
detect the power of a part of them by a photcdiode PD 
185- The result is transmitted to a tracking circuit 186. 
The tracking circuit 186 slightly changes the frequency 
of the RF signal to be applied to the AOTF 182. or 
40 supaposes a low frequency corrponent to the base fre- 
quency of the RF signal to be applied to the AOTF 182. 
and detects the change in power of the optical signal 
received by the photodiode PD 185. Thus, the power of 
the optical signal received by the photodiode PD 185 is 
45 controlled to be the largest It is donfirmed that the 
reception power of the optical signal, indicated by the 
central frequency, is the largest when the frequericy of 
the RF signal is slightly shifted to change between a 
higher frequency and a smaller frequency, and tt»e 
50 power of the optical signal received by the photodiode 
PD 185 becomes small on txrth sides of tfie larger fre- 
quency and the srhaller frequendy: The tracking circut 
1 86 ac^usts the RF signal such that the above desCrbed 
state can be detected, thereby successfully perfoirifiing 
55 the tracking operation. 

[01 35] FIG. 20 shows the control of the entire AOTF of 
the OADM system. 

[0136] In FIG. 20. the units assigned the same num- 
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bers as those shown in FIG. 19 jare identical to each 
other. Therefore,, the detailed, explanation about the 
identical units iare omitted here. 

The optical signal dropped by the AOTp 180 of 
the OADM device is branched by an optical coupler 194. 
and is input to an optical spectrum monitor 192 through 
a 1 )>4 switch so that it can be checked wh^her or not an 
appropriate operation is being performed for the wave- 
length of an optical signal to be dropped when the AOTF 
180 of the OADM device selects the wavelength of the 
optical signal. That is, when the wavelength of the opti- 
cal signal to be.dropped does not match the selected 
wavelength characteristic of the AOTF 180, the spec- 
trum of the optical signal to be dropped cannot be com- 
pletefy dropped, thereby causing the optical signal to 
have ur>desired wavelength delerioratioa Conse- 
quently, the frequer>cy and power of the RF signal to be 
applied to the AOTF 180 should be appropriately con- 
troiled. The analysis result of the optical spectrunri mon- 
itor 192 is input to an OADM device control CPU 193, 
and a control signal of the RF signal is output so that the 
AOTF 1 80 can properly operate. 
[0137] The tracking circuit 186 described above by 
refenrihg to FIG. 19 also exchanges information with the 
OADM device control CPU 193 to control the AOTF 182 
to properly operate. 

[0138] At the add optical st^ial generation terminal of 
the tn'butary station, a light output from an LD bank 202 
is txanched by an optical coupler 201, and. its wave- 
length is selected l)y an AOTF;2p0. It is also monitored 
whether or not the wavelength selection is appropriately 
performed. To control thes AOTF 200, the light is 
branched by ari optical coupler. 199. received by a PD 
198, and the result is input to a tracking circuit 203. The 
tracldng circuit 203 exchanges information with the 
OADM device control CPU 193, arxi performs the track- 
ing operation on the AOTF 200 in the process as 
d€^a£>ed above by referring to FIG, 19. The light output 
from the optical coupler 199 is modulated by an optical 
nfKxlulatpr 197, amplified at the next s^ge^ and its 
wavelength is selected by an AOTF 196. Sirx:e the 
AOTF 196 is required to have the same selected vyave- 
leigth as:the AOTF 200, the OADM device control CPU 
193 obtains the information obtained by the tracking cir- 
cuit 203. and controls the RF signal applied to the AOTF 
196. As a result the AOTF 196 has the same w«ye- 
Ien0h selectiori^ characteristic as the AOTF=^^ v SOO, 
: ths^eby successfully selecting an optical signal having 
the, same wavelength. After passing through the AOTF 
196, the optical signal is mulb'plexed.by an optical cou- 
pler 195 as an add optical signal. The disperapnisconh 
p^ftsaled for.thr(^ thedispersipn conf^>ensationil>er. 
and the signal is multtplexed by the optical cou- 
pler 190 with the optical signal passing throi^h the 
AOTF 180. . > 
[01 39] The optical signal multiplexed with the add ppti- 
qal signal is amp&fied. and then branched by an optical 
.coupler .191 to c^eck whether or not tfie add op 



nal is correctly added. Then, the optical signal is ana- 
lyzed by ttie optical spectrum monitor 192 through a 1x4 
optical switch 204, The result is used by the OADM 
device control CPU 193 to generate a control signal. 

5 and control the AOTF 180. the AOTF 196, or the AOTF 
200 through the tracking circuit.203. 
[0140] An 'Optical signal from the OADM device for 
transmission in the opposite direction or from the tribu- 
tary station is applied to the 1 x4 optical switch 204; and 

10 also to Ihe optical spectrum monitor. 192 after sequen- 
tial switching because the optical spectrum monitor 192 
is large and expensive, and it is not desired in cost and 
size to provide it at necessary points. Instead, the opti- 
cal spectrum monitor 192 is designed to concunently 

15 perform tiie optical spectrum analysis and the data 
transmissfon. and to finish the analysis of one optical 
signal and sirhuKaneousty start the analysis of the next 
spectrum without waiting for the transmission of data. 
NonnaDy, since the optical spectrum monitor 192 

20 requires the same length of time for the spectrum arwl- 
ysis of an optical signal and the data transmission, it is 
not efficient to prolong the process time by starting the 
analysis of the next optical signal after completion of the 
data transmission. Therefore, the 1 1>4 optical switch 204 

25 is controlled to switch to the n^ optical signal as soon 
as the spectrum analysis of the optical signal is com- 
pleted. 

[0141] The OADM device control CPU 193containsa 
ROM to store the application states of a plurality of RF 
30 signals such as the data of ttie RF signal applied to the 
AOTF 180 when the AOTF 180 drops an optical signal, 
: ti[ie RF signal data when it passes through, etc. A prede- 
termined RF.frequerKy. and the power can be immedi- 
: ately applied using the data in the ROM by changing tfie 
35 set value of -the oscillation frequency of the RF signal 
^ applied to the AOTF 180. 

[0142] An entire AOTF is controlled in the following 
sequerx;e. That is, the AOTF 182 is first driven. When 
the operation t>ecomes stable, the AOTF 180 is driven 
40 next When the operation of; the AOTF 180 t>ecomes 
stable, an optical receiver 184 receives a drop optical 
signal. Then, the AOTFs 196 and 200 are driven. When 
their operations become stable,, the optical modulator 
197 is driven and an add optical signal is transmitted: 
[0143] V.FIG. 21 shows the metfiod of applying an RF 
signal to an AOTF. 

[0144] Wheri an RF. signal is suddenly applied to an 
AOTF. a corresponding optical signal is immediately 
selected arxJ output: Sin^^ there is a large loss in the 
AOTF, an: optical anplifier is normally inserted after the 
AOTF: With tifts ajrif iguration. when the AOTF suddenly 
selects an optical sigr^l. and a strong light is suddenly 
input to the optical amplifier, an optical surge.phenome- 
non occurs. To avoid this, a light input to the optical 
amplifier, should take 50 through 60 ms as airising time. 
Then,: the power of the; RF^signal is gradually increased 
tp to the full level within.50. through 60 ms. Then, since 
,the power of the light selected by the AOTF corresponds 
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one-to-one to the power of the RF signal, the light is 
also raised wrthin 50 through 60 ms. The method of rais- 
ing an RF signal can be to smoothly rase the signal in 
an analog system. However, considering cfigital control, 
the 50 through 60 nvs is divided into n (n is a natural 5 
numl)er) steps to raise the RF signal. The value n is set 
so that the simplest possible circuit can be designed to 
obtain the optimum effect. 

[0145] In an OADM using an AOTF. as described 
above, the following upgrade can be expected. 10 
[0146] That is, when an GADM Is initially mounted, a 
channel (wavelength] to be added and a channel (wave- 
length) to be dropped are fixed to operate it as an 
OADM of a channel-fixed type. This application can be 
realized by fixing the RF signal frequency f 1 , f2, fn to is 
be added to the AOTF 10. Since the added/dropped 
channel is fixed, there is no need of changing the RF 
signal frequency in principle. Therefore, the OADM can 
be easily controlled. 

[0147] Next, when an OADM of an optional wave- 20 
length type capable of adding/dropping an optional 
channel (wavelength) is requested, it can be realized by 
only providing the function of varying tfie RF signal fre- 
quency f1, f2 fn to be applied to the AOTF 10. For 

example, when a channel to be dropped is changed in 25 
FIG. 2. the RF signal frequency to be added to the 
AOTF 10 can be changed according to the channel 
(wavelength) to be changed. FurthernrK>re. vt/hen a 
channel to be added is changed, a laser bank comprise 
ing a laser diode LD 1 9 and an 8)^ coupler is provided. 30 
Then, the wavelength selected frcmi the WDM light 
(wavelength-multiplexed li^) output from the 8x8 cou- 
pler can be tuned by the AOTF 1 4. In this case, the RF 
signal frequency applied to the AOTF 14 can be 
changed according to the selected wavelength. 35 
[0148] Thus, the upgrade from the fixed wavelervgth 
type to the optional wavelength type can be realized 
using an AOTF and a laser bank almost without char>g- 
ing the hardware of the OADM. 

[0149] FIG. 22 shows the configuration of an AOTF. 40 
[0150] The AOTF has an optical waveguide as indi^ 
cated by the solid lines shown in FIG. 22 on the sub- 
strate of lithium niobate. A polarization beam spfitter 
PBS is provided at the crossing of the waveguides. The 
RF signal is appilied to the electrode referred to as an; 45 
IDT (inter-cfigital transducer) formed like combined 
combs. When ah RF signal havir>g a predetermined fre- 
quency is appfied to the IDT, a surface acoustk: wave 
(SAW) is generated and propagated on the surlace of 
the substrate. The irtfkience of the propagation of the so 
SAW reaches the optical waveguide in the substrate, 
periodically changes the refractive index^ arxJ forms a 
structure tike a thin wave plate in the substrate. The 
SAW guide is a metalficfilm applied onto the surface of 
the substrate. The SAW propagates akxig the guide. ss 
[0151] The optical signal input from the bptk^al input 
ternu'nal contains a combination of a TE mode and a TM 
mode. It is divided a PBS 1 into the TM mode and the 



TE mode, and propagates through respective 
waveguides. If there is a light having the vt^velength 
and interacting with the SAW in the input optical signals, 
then the TE mode interchanges with the TM mode by 
the operation of the above descrit>ed thin wave plate. 
Therefore, the forward direction of the wavelength in the 
PBS 2 changes, and the signal is output an a drop opti- 
cal signal. Oh the other hand, the light having the wave- 
length other than the wavelength interacting with the 
SAW is influenced at random by the SAW. Conse- 
quently, the TE mode does not irrterchange with the TM 
mode, and the lights having such wavelengths are out- 
put as through lights to the optical output terminal. 
[0152] Similarly, when an add optical signal shown in 
FIG. 22 is input, it is branched into the TE nrxxie arxf the 
TM mode and transmitted in the PBS 1 . Since the add 
optical signal has the same wavelength as the drop opti- 
cal signal, it irrteracts vwth the SAW. The TE mode inter- 
changes with the TM mode, arxJ the signal is output as 
an optical output. Thus, the optical signal adding opera- 
tion is performed. 

[01 53] Since the lithium niobate has the characteristic 
of birefringence, the transmission speed in the TE mode 
is different from the transmission speed in the TM mode 
in the vwaveguida Therefore, the light havir^g the wave- 
length causing no rrxxJe interchange is transmitted as 
an optk:al output with the polarization rrxxle dispersion. 
On the other hand, a ligtit having the wavelength caus- 
ing nrKxJe interctiartge is transmitted in the TE mode for 
approximately the same time length as in the TM mode. 
Therefore, the optical length of the propagation is the 
same in b>oth modes, and the polarization mode disper- 
sion is compensated for when the light is output. 
[0154] In the above described AOTF, an optical loss 
can t>e reduced or the wavelength width of selection 
charactei'istic can be narrowed by appropriately select- 
ing the parameter (length, etc.) of the vvaveguide. The 
cross talk can be reduced by narrowing the wavelength 
of the selection charactensttc. The side lobe of the 
waveler>gth selection characteristic can be reduced and 
a smaller power of an RF signal is required by diago- 
nally anranging the SAW gukJe. Furthernwe, the polar- 
ization dependency of a toss can be eliminated by 
devising the PBS. 

[0155] FIG. 23 shows the trarVbmission characteristic 
61 the AOTF shown in FIG 22. 

[0156] FIG. 23 shows the wavelength selection char- 
acteristic or the transmission characteristic of a drop 
port. As shown in FIG. 23. a number of side lol)es are 
generated, and the half-width (FWHM) is 0.65 nm. 
Therelore, with the configuratiori shown In FIG. 22, it is 
difficult to select a wavelength with a smaller cro^ taS^ 
of the wavelength arranged on 1he 0.8 nm spaced igrid 
regulated by the ITU-T G. 692. 
[0157] FIGs- 24A and 24B show the wavelength selec- 
tion characteristic when the AOTF shown in FIG. 22 is 
designed as a 3-stage mdrK)lithic AOTF on the sub- 
strate, and the wavelength is selected using the SAW 
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having the same frequency. 

[0158] FIG. 24 A shows the widened wavelength 
selection characteristic when a 1-stage AOTF having a 
half-width of 0.65 is connected as a S^stage cascade. 
FIG. 24B is obtained by enlarging FIG. 24A» and.shows 5 
the half-width of 0.39 nm. Accoffding to FIGi 24B, the 
optical signal arranged on the 0.8 nm spaced grid can 
be selected with high precision, and an appropriate 
cross talk can be set by adjusting the position of a side 
lobe. 

[01591 Therefore, the AOTFs used in the OADM 
devices shown in FIGs. 6 through 13 are all 3-stage 
monolithic AOTFs. and are t>ased on the configuration 
for performing a wavelength selectir^ operation using 
the SAWs having the same frequency. 
[0160] FIG. 25 shows the application technology for 
the temperature dependency of the AOTF. 
[0161] An AOTF is sensitive to the temperature, arKf 
the selected wavelength is displaced by 0.73 nm when 
the temperature rises by 1?. In the WDM systern, optical 
signals of adjacent channels are arranged at 0.8 nm 
intervals, and the AOTF selects the wavelength of the 
adjacent grid when the temperature rises by 1)>C. 
Therefore, when the AOTF is used in the OADM device 
of an WDM system, a temperatin^e change should be 
fed back to the RF signal or the temperature control 
device. Even if the temperature control devfce is pro- 
vided to keep the AOTF at a constant temperature, it is 
hard to keep the surface of the AOTF exactly at a con- 
stant temperature because of the tennperature gradient 
generated by applying the Peltier element, ^c. lo any- 
where other thar» the surface of the AOTF. The temper- 
ature of the surface can be directly coritrolled. However, 
it is difficult to provide on the surface of the AOTF an 
element such as a Peltier elemerrl^ etc. for raising or fall- 
ing the temperature. FurtherrTx>re. since the tempera- 
ture sensor has to exactly measure the temperature of 
the surface of the AOTF. it is difficult to appropriately 
mourn the conventional temperature sensor. However, 
since the SAW propagates on the surface of the AOTF 4o 
and is greatly affected by a surface temperature 
change, it is necessary to exactly detect the surface 
temperature by any method and to apply an appropriate 
feedback corresporxling to the surface temperature. 
|01 62] Thus, according to the present eir^bodinr^ent, a 45 
resonator is generated on the surface of the AOTF to 
measure the temperature of the surtece by cor^dering 
that the osdilation frequency of the resonator is nnore 
sensitive to a temperature change. FIC3. 25 shows the 
ppnfiguration to attain this. so 
[0163] . The resonator can be provided with an JDT 
having the cyde of ? and the nunr4)er of pairs of the 
electrodes. N on the surface of the substrate beside the 
3-stage AOTF. An osdilation drcuit 240 transnrats^ sig- 
nal such that the IDT for the resonator can be oscillated, ss 
and niakes the resonator resonate. A frequericy. counter 
241 counts the frequerx:y at which the resonator, reso- 
nates in the frequendes/of the signals oscillated from 



the osdilation circuit 240. and obtains the surface tem- 
perature of the AOTF from the frequency. The informa- 
tion about the surface tenperature. is transmitted as a 
feedt)ack to a drive circuit 242 for transmitting an RF sig- 
nal to the IDT of the AOTF. The drive drcuit 242 com- 
putes the displacement of the selected wavelength by a 
temperature change, controls the frequency of the RF 
signal to be applied to the AOTF. and adjusts it such that 
the AOTF can correctly sele^ct the optical signal having 
a desired wavelength. 

[01 64] FIG: 26 shows the temperature deperidency of 
the resonator. 

[0165] In FIG. 26. the change of the frequency is iline- 
arly represented in the wide range from 20? through 
70? when the cyde of the IDT is 20 jiM. and the number 
of pairs of electrodes is 200. h FIG. 26. the temperature 
factor of the resonator is -14.1 kHz/?. The frequency of 
the resonator can be detected in an electric drcuit. 
Assuniing that the resonant frequency of a normal res- 
onator is 180 MHz and the refsonaht frequency of the 
resonator is measured using a 1 -second gate, the tem- 
perature can be measired with the precision of 
1/10.000. 

[01 66] Therefore, according to the alwve descrit>ed 
techrwiogy. the surface tenrperature of the AOTF can be 
measured with high predsion. As a result, the transn™t- 
tance characteristic can be controlled with high pred- 
sion if the frequonicy of the RF signal is adjusted based 
on the measured resonant frequency.. 
[01 67] The change of the seliected wavelength with 
:the change of the temperature of the AOTF Js csorifipen- 
sated for by changing the frequency of the RF signal as 
descrtoed above. It is also possible; to control the 
selected wavelength by controlling the temperature of 
the AOTF. In this case, the Peltier elenrreht is arranged 
near the surface of the AOTF and is changed in temper- 
ature so that the selected wavelength can l>e controlled. 
In this case, unlike the control using the RF signal, the 
wavelength can be shifted by sliding all selected wave- 
lengths. Therefore, the technok>gy is effective when the 
errtire selected wavelength is displaced due to the aging 
deto-ioration. . 

[01 68] FIGs. 27A, 27B. 28A. and 28B show the fluctu- 
ation of the selection characteristic of the AOTF arxi the 
counternr>easure against the fluctuation. 
[01 69] In FK3s. 27A. 27B. 28A, and 28B; the selected 
wavelength of the AOTF is set to 4; and the SAWs havr 
ing the same frequency conponent are generated at 
each stage of the 3-stage AOTF few wavelength selec- 
tion, Since the SAW generated in the AOTF is not an 
ideal sine wave, it generates a fluctuation. Therefore, a 
side lobe occurs in the frequency component which 
generates a cross talk of the sdected wavelength. 
When the waveler>gtf)s selected by the AOTF are posi- 
tioned away from each other, the side jobe is very small, 
and the generated cross talk is ignoraWe. However, 
when the wavelengths are ctose to each other, the 
power of an output optical signal generates a beat 
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through a cross talk. Furthermore, the SAW of the 
AOTF is not a standing wave, txrt is transnnrtted as a 
progressive wave through the AOTF Therefore, an opti- 
cal signal generates a wave shift by the Dcppler effect. 
According to the present embodiment, the phase of the 
BF signal applied to the AOTF is controlled to eliminate 
the l>eat, etc. 

101701 FIGs. 27A and 27B show the case in which 
there is no phase difference atx)ul the SAW generated 
at each stage of the 3-stage AOTF. FIG. 27A shows that 
the SAWs generated to select the four channels have 
phase differences of 0t>to each other. 
{01711 FIG. 27B(1) shows how the selected wave- 
length characteristics of the AOTF change with time, 
and the vertical axis of the wavelength characteristics 
indicates a linear scale. FIdi. 27B(2) shows the vertical 
axis in FIG. 27B(1) in decibels. The horizontal axis indi- 
cates wavelength. FIGs. 278(3) and 278(4) show the 
wavelength selection characteristics on the through port 
side in linear and decibel scales. 
[01721 As dearly shown in FIGs. 278(1) through 
278(4), the wavelength selection characteristic gener- 
ates a fluctuation with time. The fluctuation generates 
the fluctuation of the power of the optical signal having 
a selected wavelength when an optical signal having a 
conresponding wavelength is being dropped. FIG. 
27B(5) shows thestale of the fluctuation of the selected 
wavelength generated with time. FIG, 278(6) shows the 
leakage of the dropped optical wavelength on the 
through port to the through terminal. 
[01731 As shown in FIG. 278, when an SAW is gener- 
ated for wavelength selection in the 3-stage AOTF, the 
power of a selected wavelength generates a fluctuation. 
If the fluctuation grows, the data of the intensity-nrrodu- 
lated optical signal cannot be normally received at the 
receiving terminal. 

[01741 FIGs. 28A and 288 show the method of pre- 
venting the fluctuation of the selection characteristics of 
the AOTF 

[01751 As shown in FIG. 28A, when four channels are 4o 
selected in the 3-stage AOTF, the phase of the SAW for 
selection of each channel is cyclically changed. FIG. 
288 shows the wavelength selection characteristic 
when the SAW is phase-controlled. As shown in FIGs. 
288(1) throu^ 28B(4), the fluctuation of the wavelength: 45 
selection bharacteristic with time is suppressed. As in 
FIGs. 27A and 278, FIGs. 278(1) and 278(3) shows the 
wavelength selection characteristic with the vertical axis 
indicating the linear scale. FIGs. 278(2) and 278(4) 
show the overwritten changes with time using the verti- so 
cal axis as representing the wavelength selection char- 
aicteristics in decibel scale. 

t0176] FIG. 288(5) shows the change in power level 
of the selected wavelength output to the drop port. 
FIG.28B(5) shows that the fluctuation of the power is ss 
suppressed as dearly indicated when it is comp^ed 
with FIG. 278(5). The power level shows a slight decay 
from 0 decbels. This indicates a loss generated by sup- 



pressing the level change of the optical signal output to 
the drop port by the phase control. FIG. 28B(6) shows 
the leakage of the optical signal having the selected 
wavelength at the through port. 
(01771 Thus, when the SAW is applied to the AOTF. 
the beat arising in the power of a dropped optical signal 
can be suppressed by controlling the phase of the SAW 
generated at each stage of the 3-stage AOTF Addition- 
ally, a large amount of light leakage can be prevented at 
the through port, thereby improving the wavelength 
selection characteristic. 

[01781 As described above, the wavelength selection 
characteristkJ of the AOTF can be simple not only by 
designing a 3-stage AOTF, txit also chan^ng the phase 
of the SAW generated at each stage by controlling the 
phase of the RF signal. Therefore, an irrtensity-nxxfified 
optical signal can be correctly received by suppressing 
the beat generated when the v^ravelength is selected by 
the AOTF 

[01 79] FIG. 29 shows the first example of the general 
configuration of the AOFT drive drcuii 
[01801 When an AOTF drive drcuit is designed, the 
required number of oscillators of a fixed oscillation fre- 
quency con^esponding to the osdilation frequency of an 
RF signal are provided. The oscillated RF signal is 
appropriately selected and applied to the AOTF in ader 
to drive the AOTF 1. This is a method of designing a 
drive drcuit. ^ 
[01811 In FIG. 29. an oscillator OSC 1 is provided for 
a channel 1 . an oscillator OSC 2 is provided fcnr a chan- 
nel 2, and an osdilalor OSC 3 is provided for a channel 
3. Thus, oscillators OSC 1 through n are provided for all 
channels used in the wavelength divtston-muttiplexing 
system. 

[01821 These osdllatots OSC 1 through n are fixed 
frequency osdilators. The signals osdilated by these 
oscillators are divided into three portions by a dvider 
(the AOTF is a 3-stage device, and in an AOTF, there 
are three IDTs to which an RF signal Is applied). One of 
them is input to a coupler without a phase delay. 
Another is provided with a phase delay unit for delaying 
the phase of an RF signal. In FKB. 29, the phase delay 
by one phase delay unit is 1 20*. 
[01831 The RF signal from the osdilator OSC 1 is 
branched by the divider. The RF signal output from the 
port 1 is transnnitted to the coupler without a phase 
delay, and provided for the AOTF #1 at the first stage. 
The RF signal output from the port 2 is phase-delved 
by 120**, input to the coupler, and then applied to the 
AOTF #2 at the secorxi stage. The RF signal output 
frorn the port 3 is twice delayed by 120**, that is, phase- 
delayed by 240*. then input to the coupler, and applied 
to the AOTF #3 ait the third stage. 
[0184] Similarly, the RF signal output from the osdila- 
tor OSC 2 fbi^ selecting the diannel 2 is divided by the 
divider. The signal cfutput from the port i is input to the 
coi^ler without any phase delay, and then applied to the 
AOTF #1 . The RF signal outpiit from the port 2 is phase- 
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delayed by 240**, input to the coupler, and applied to the 
ApTF #2. 

[0185] The RF signal from the osdilator OSC 3 for the 
channel 3 is branched by the divider, and then applied 
to the AOTFs #1 through #3 at the first through the third 
stages without phase delay on any of the signals at the 
ports 1 through 3. 

[0186] StniBarly. the. phase delay is repeatedly per- 
fornred on the oscillators OSC 1 through 3. the oscilla- 
tors OSC 1 through n are connected to the coupler, and 
theri the RF signal is applied to each of the AOTFs #1 
through #3 at the first through the third stages. 
. [0187] The phase delay unit can have a longer cable, 
can be provided with a transducer to change the posi- 
tion from which a signal is retrieved, or can be provided 
with a delay lina However^ when a transducer is used, 
the impedance depends on the position from which a 
signal is retrieved. Therefore, it is not a recommendable 
niethod. Furthermore, the delay line can deteriorate the 
wavelength of the RF sigr^l. As a result, according to 
the present embodiment, a phase delay is realized 
using a loriger cable^ When a cable is applied, it only 
has to be 35cm longer to delay the signal by 120° when 
the RF signal is 170 MHz. and 70cm longer to delay the 
signal by 240^ Any other. n>ethods can be adopted after 
solving the respective problems. 
[01 88] FIG. 30 shows the second example of the gerv 
eral configuration of the drive circuit of the AOTF 
[0189] In FIG. 29, an psciilator is provided for each 
channel so that any wavelength of an optical signal can 
be dropped. Therefore, if an oscillator has a wavelength 
not corresponcfing to the wavelength of a dropped opti- 
cal signal, it is not used. Thus, this configuration 
includes wasteful oscillators. 

[0190] Since the osdilator of an electric signal is nor- 
mally designed to change the oscillation frequency, an 
osdilator can be provided for each wavelength to be 
dropped, and the oscillation frequency of the oscillator 
can be chariged when the waveler^gth of the optical sig- 
nal to t>e dropped is changed. FKB. 30 shows the gen- 
eral configuration of such an application. 
[01 91 ] Assume that, in this example, the number of 
wavelengths of the optical signal to be dropped is eight 
In this case, only tfie oscillators OSC 1 through 8 are 
provided. The RF signal output from each of the osdlla- 
tors OSC 1 through 8 is divided into three portions to be 
applied to one of the AOTFs at three stages. The 3- 
txanched RF ^nal is further branched irito three por- 
tions by the subsequent divider. Thus, the RF signal 
divided into three portions by the sut>5«quent divider 
are processed as a no-phase-delay signal, a^ 120° 
delayed signal, arxJ a 240°)> delayed signal, and then 
input to a switch. The switch selects a phase to be 
applied by the osdDator OSC 1 to each stage of the 
AOTFs #1 through #3 based on the nunrt>er of , wave- 
lengths to be selected by the AOTF, etc. 
[0192] FIG. 30 shoyvs only the cpnfiguratipn for tfie 
osdBator OSC 1. The cortf iguratipn of any of the osdlla- 



tors OSC 2 through 8 is aB the sanne: By thus designing 
the configuration, the RF sigrial oscillated by each of the 
osdllators OSC 1 through 8 can be applied to the 
AOTFs #1 through #3 at each stage. Therefore, even 

5 Virhen the osdilation frequency is changed, an appropri- 
ately phase-controlled RF signal can be applied to the 
AOTF, thereby smoothing the beat in the pow«r of the 
optical signal having a selected wavelength; 
[01 93] In the desaiption atxjve, the phase delay is set 

10 in 1 20* units, but the nrwst recomnf>endat)le phase delay 
should be set, and not limited to 120*: 
[0194] FIGs. 31 A and 31 B show the design of the 
OADM system including.an OADM device. 
[0195] An optical amplifier applied for the WDM trans- 

15 mission system can be an erbium-doped fiber anplrfter 
(EDFA) which has been put for practical use and has a 
broad gain barxJ on the I .Spm band. However, when a 
1 Sjim band signal is transmitted iat a high speed 
through an existing 1 .Z\im band zero-dispersion single 

20 mode fiber (SMF) transmission line, which is the nx>st 
popular in the world, or when a non-zero- dispersion 
shifted fiber (NZ-DSF) trarTsmission line is used in an 
available wavelength band, the transmission waveform 
is distorted by the interaction between the wavelength 

25 dispersion characteristic of the transmission line or the 
dispersion characteristic and the nonlinear effect gener- 
ated on the optical fiber. ThenonBnear effect causing 
the waveform deterioration by the interaction with the 
dispersion characteristic in the ^WE)M transmission sys- 

30 tern can be: the self-phase-nxidulation effect (SPM) 
which is generated even if there is only one transmis- 
sion wavelength; and th&cross phase modulation effect 
(XPM) generated when there are multiple wavelengths. 
Both SPM and XPM invite a wavelength chirping to a 

35 transmission optical signal. 

^ [01 96] The influence from the dispersion characteris- 
tic of the optical fa>er. is a serious factor which lirruts the 
transmission speed: arKl the transmission distance. 
Therefore, the . influence should be suppressed by any 
40 means. 

[0197] A suppressing niethod can be realized by 
inserting a dispersion cpnr^F)ensator of wNch the disper- 
sion is the irtverse of the dispersion generated in a 
transmission line, into the transmission line to reduce 

45 the dispersion in the entire transmission line; The dis- 
persion comperisator can be::designed, using .a f iber 
grating, an optical interferometer, an optical fiber having 
the dispersion charactertelic opposite to the chariacteris- 
. tic of the transmission fine. etc. Further methods can be 

50 realized by applying a pre-chtrping at a transnr^ing unit 
(int«TtionalIy applying, an optical phase or optical fre- 
quency modulation to suppress the expansion by^ the 
wavelerigth dispersion in addition to the optical intensity 
modulation conrponent of a base barxl signal), and by 

55 contNning the pre-chirping and the atx3ve described 
dispersion compensator. 

:[01Sf8]. . In an actual system, there arises a fluctuation 
in the dispersion value of the transmission line, the non- 
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linear factor, the power of input light having each wave- 
length in the transmission line which greatly affects the 
efficiency of the nonlinear effect. Even if the fluctuation 
arises, it is necessary not to affect the transmission 
characteristic. In the light wave networK since each 5 
wavelength is branched and inserted in an optional 
node, the transmission route depends on each wave- 
length. In this case, the transmission quality has to be 
maintained. 

[0199] Therefore, according to the present embodi- 10 
ment, the pre-chirping and the dispersion compensator 
are combined to solve the problems by optimizing the 
insertion position of the dispersion compensator, the 
anxnint of dispersion compensation, arxJ the amount of 
the pre-chirping {p parameter) in the transmitting unit. is 
[0200] Described below are practical examples. 
[0201] As shown in Fia 31A. the OADM system con- 
nects a transnrutting unit and a receiving mit through a 
transmission line, and an optical arrplrfier, a dispersion 
compensation unit, and an OADM node are connected 20 
to the transmission line. The trar^mitting unit is pro- 
vided with an E/O device for converting each electric 
signal into an optical signal having the wavelengths of 
hi through t>n. The optical signal generated by the 
above described units is transmitted after being wave- 25 
length-multiplexed by the multiplexer MUX. The wave- 
length-multiplexed optical signal is amplified by an 
optical amplifier. The dispersion compensating unit 
compensates for the dispersion, and the resultant signal 
is amplified again by the optical amplifier, and then 30 
trar>smitted through the transmission line. Assuming 
that, with the amount of dispersion through the trans- 
mission line of 16ps/nnVkm for 80km (the transmission 
line between rKdes, for example, between optical anpli- 
tiers or between OADM devices is referred to as a 35 
'span") using 4 spans (three nodes between the trans- 
mitting station and the receiving station. In the case 
shown in FIG. 31A, two con*)inations of two optical 
amplifiers and a dispersion compensation unit as 
nodes, and one OADM node are inserted), the amount 4o 
of the dispersion compensation unit of the transnrwtting 
unit is, for exarrple, -70Ops/nm. The amount of disper- 
sion compensation of the cfispersbn compensation unit 
as a node inserted in the transmission line is, for exann- 
ple, -12G0ps/nm. The receiving unit comprises a disper- : 45 
sion compensation unit between the optical amplifiers; a 
denruiltiplexer DMUX for wavelength-demultiplexing a 
wavelength-multiplexed optical signal; and an O/E 
device for cprwerting an optical signal having a demulti- 
plexed wavelength into an electric signal. so 
[0202] In this example, the compertsation amount of 
the dispersion compensation unit of the receiving unit is, 
for exannple. - 1200ps/hm. At this time, the'tolerance of 
the receiving unit is ±200ps/nfn. 

[0203] Thus, when the anfKxmrt of dispersiort of each 55 
dispersion compensation unit is set. appropriate disper- 
sion corrpensation can be perlbrmed in the vt^elength 
division-multiplexing system for transmission of 80km 



through 4 spans. 

[0204] FIQ. 31 B shows an example of a variation of 
the combination of tiie cfispersion compensatbn unit 
with an optical airplif ier. 

[0205] The first example shown in FIG. 31 Bis ti>e con- 
figuration in which the dispersion compensation unit 
normally indicates a nonlinear effect with a large toss. 
First, a first-stage optical amplifier for amplifying the 
level of the optical signal up to a predeterminied level is 
provided to compensate for the loss of the dispersion 
compensation unit, and to prevent the nonlinear effect in 
the dispersion compensation unit The optical signal 
ampBfied up to the predetern^'ned level is input to the 
dispersion compensation unit arxf the dispersion is 
compensated for. The optical signal output from the dis- 
persion compensation unit is transmitted, for example, 
80km, and amplified up to a required level to transmit 
tiie optical signal to the next optical repeater. 
[0206] The second example shown in FIG. 31 B is the 
configuration for use when the loss of the dispersion 
compensation unit is small. 

[0207] The transmitted optical signal, not amplified, is 
input to the dispersion compensation unit, and ampKf ied 
by the optical amplifier after the dispersion is compen- 
sated. In tiiis case, the loss of the dispersion compensa- 
tion unit is small. Therefore, since the level of the optical 
signal, which has passed through the dispersion com- 
pensation unit, is not small enough, the resultant SN 
ratio is not too bad after the optical signal is ampfif ied 
later by the optical anrplif ier. 

[0208] The third example shown in FIG. 31 B is the 
conf iguration in which the cKspersion compensation unit 
indicates a small nonlinear effeiet as using a fiber grat- 
ing. 

[0209] In tiiis case, an optical signal is f nrst am^tif ted 
by an optical amplifier, and is then input to a dispersion 
compensation unit The optical amplifier makes the opti- 
cal signal having a large power. However, since the dis- 
persion compensation unit indicates a small nonlinear 
effect, there is the smaBest possibility that the nonlinear 
effect may invite the waveform deterforatioh. Therefore^ 
an optical amplifier can be provided at the first stage. 
Since the optical amplifier first amplifies the optical sig- 
nal with a large loss of the dispersion compensation 
unit, ah acceptable SN ratio can be maintained after the 
optical signal has passed through the dispersion com- 
pensator. 

[0210] A dispersion comper^tion unit norhially 
includes a dispersfon compensation fit>er. However, the 
dispersion compensation ftoer generates a large toss, 
and indicates a nonlinear effect when the level of the 
input optical signal is higher tfian a predetermined 
value. Therefore, before tfie optical st^l is riput. H 
should be amplified to a level tower than a predeter- 
mined value so tiiat the optical power can bB enlarged 
to transrrot the optical signal aftfei- the dispersion com- 
pensation: Therefore; when the^ dispersion compensa- 
tion fiber is used as a dispersion compensation unit the 
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first configuration shown in FIG. 31 B is recommenclat)le. 
[0211] . FlGs. 32A and 32B show the configuration of 
. the cfjsp^ston compensator in the OADM device. 
[021 2] In the OADM deytce. a dispersion compensator 
• is provided such that the dispersion compensation can 
be performed in the same way as for an optical signal 
transmitted from the transmitting unit to the receiving 
unit, and it can then be transmitted to the tributary sta- 
,,tion. On the other hand, an optical signal to be added 
and trar^mitted from the tributary station to the. receiv- 
ing unit through the OADM device is effected by the dis- 
persion compensation in the same way as the optical 
signal transmitted from the transrnitting unit shown in 
FIG. 31 A to the receiving, unit which receives it is 
effected. 

[021 3] In FIG. 32 A. the optical signal transmitted from 
the transmitting terminal is dispersionrcompensated by 
the dispersion compensation unit having the same 
amourrt of compensation of -1200 ps/nm as the disper- 
sion compensation unit provided in the transmission line 
shown in FIG. 30. and is then input to the OADM device. 
A through optical signal is transnr^tted as is as if there 
were no OADM device. On the other hand, an optical 
signal to be dropped also receives the dispersion com- 
pensation of -1200 ps/nm, and then it is dropped and 
transmitted to |he tributary station. Therefore, when it is 
received by the tributary station, it receives the same 
dispersion corrpens^tion as the optical signal which is 
repeived after t>eing passed from the fransmitting unit 
shown in FIG, 31 A through. to the receiving unit. On the 
other harid. for an optical signal to be added, a disper- 

'■ sion compensation unit corresponding to the dispersion 
qompensation unit having the amount of compensation 
of -700ps/nm provided in the.transmitter in FIG. 31 A is 
mounted on the add port side. Therefore, the optical sig- 
nal transmitted as is from the trttaitary station is added 

: in the OADM device after receiving Ihe dispersion conv 
pensation corresponding to the cpmp«isation received 
frbm the transmitting unit shown in FIG. 31 A by the dis- 
persion compensation unit on the add port side. After 
the addition, it is compensated for dispersion as other 
optical signals. Therefore, the optical signal added by 
the ^ibutary station receives the same dispersion conrv 
pensation as the optical signal passed through from the 
trarismrtting unit to the receiving unit shown in F|G. 31 A 
when it is transmitled to the receiving uriit. 
[0214] Thus..cfispersipri cornper^tion units are incor- 
porated into the network such that the optical signal 
passing through the OADM device, and the optical sig- 
nal to be added and dropped can be compensated.for 
dispersion in. the same manner while they are transnrtit- 

. ted.to.respective ?. 

. [02151 : FTIG. 32B shows arx)ther, configuration of the 

. OjWDM device. 

[021 6] , The OADM device comprises a branch drcuit 
such as an . AOTF. etc.. for dropping an optical signal; 
and an insertion circuit such as an o^^tical coupler, an 
AOJF, wavelength muitqplexer. etc. As described atxive 



by referring to FIG. 32B, an optical signal to be added 
and dropped is cpmper)sated for disperskm as an opti- 
cal signal passing through from the transmitting unit to 
the receiving unit Therefore, the dispersion conpensa- 

5 tion unit having the amount of compensation of - 
12p0ps/hm is. provided t>efpre the OADM device, and 
the dispersion compensation uriit having the anx>unt of 
compensation of -TOOps/nm is provided on the adding 
terminal. The configuration shovm iri FIG. 328 includes 

10 an AOTF exclusively for dropping signals, and an add- 
ing operation is performed by an optical, coupler, thus 
practically corresponding to the OADM device shown in 
FIGs. 6 through 13. 

[02171 FIGs. 33A through 34B show exarrples of the 

15 configuration of the cfispersion compensation unit pro- 
vided on the adding and dropping terrronals of the trans- 
mitting unit, the receiving unit, and the OADM device. It 
is recommended that the amount of compensation can 
be adjusted in the process performed for recovery from 

20 the deterioration with time and damage at the adding 
and dropping ternrenals of the ti^nsmitting unit, the 
receiving unit, and the OADM device. Therefore, it is 
requested tbat the dispersion condensation unit can be 
designed to change the amount of compensation. 

25 [0218] FIG. 33A shows the configuration in which cfis- 
persion conpensation units 1 through n having different 
amounts , of compensation are provided to equaDy 
branch input optical signals using ari optical coupler, ian 
optical switch is provided for each dispersion compen- 

30 sation unit so that any of the dispersion compensation 
units can be selected. Therefore, an optical signal can 
be output through any of the dispersion compensation 
uruts. havbig differern £^ of compensation 1 
through n. Thus, ti^ie change in transmission character- 

35 istic of the transmission line can be accejatied by select- 
>• ing an optimum dispersion compensation unit. 

[0219] FIG. 33B shows the configuration in which a 
dispersion compensation unit having different amounts 
of eornpensation 1 through n is provided^ and an Ixn 

40 switch is provkled on the outpm side. VVTith this cort^ 
ration, :there is no need to provide an optical switch for 
e^ch of the dispersion connpensatfon units 1 through n. 
The input optical signal is branched by an optical cou- 
pler, and equally input, to all dispersion compensation 

45 units for dispersion conpensation. In this case, the? opti- 
mally dispersiorhcompensated optical signal is selected 
;and output using a 1H^ optical switch. 
![0220] FIG. 34A shows the configuration in wrhich a 
Ixn.optical switch is provided at the input terminal, and 

50 an Optical signal is input to any.bne of the dispersfon 
corrpensation units 1 through n . which can optimally 
conrpensate for dispersion... An optical signal.^ 
. aissigned an optical path. selected by the Ixn optical 
switch., passes, through a corresponding dispersion 

55 compensation unit, and is output through the optical 
cpijpler, : . 

[0221] FIG. .34B shows an example of the configura- 
tipr> of the Ixn optical switch vn place of ah optical cou- 
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pier. 

[0222] The optical path of the irput optical signal is 
determined by the 1|>n switch, and the optical signal is 
input to one of the dispersion compensation units 1 
through n. The 1>n switch at the output terminal 
switches optical paths such that an optica! signal from 
the dispersion compensation unit to which the optical 
signal has been Input can pass through the optical 
paths, and then the optical signal is output. 
[0223] The configuration shown in FIGs. 34A and 34B 
can reduce the decrease of the power of an optical sig- 
nal when compared with the configuration shown in 
FIGs. 33A and 33B. That is. in FIGs. 33A and 33B, an 
input signal is equally divided regardless of whether or 
not it is input to the dispersion compensation unit 
Therefore, the power is reduced by the division. How- 
ever, with the configuration shown in FIGs. 34A and 
34B, the 1 switch transmits all power of the input sig- 
nal to one of the dispers;ion compensation units 1 
through n. Therefore, there is no possibility that the 
power of an optical signal is divided and transmitted to 
an actually unused optical path. 
[0224] FIGs. 35 through 38 show examples of varia- 
tions of the configuration for dispersion compensation, 
[0225] FIG. 35 shows an example of using an optical 
switch or optical coupler 340. With the configuration, 
dispersion connpensation uriits sudi as dispersion com- 
pensation ftoers, etc. having the same or different 
amounts of compensation are serially connected, and 
the dispersion compensation of an optical signal can be 
optinized by passing the optical signal tiirough a 
selected number of dispersion compensation units. 
Althou^ the input optical si^al passes tiirough the dis- 
persion compensation mit, the optical path is changed 
by an opticahswitch 341 provided after each dispersion 
compensation unit. Then, the optical signal is transmit- 
ted to the optical switch or optical coupler 340 and out- 
put The number of dispersion compensation units 
through which the optical signal passes depends on 
which switch changes the optical path, thereby chang- 
ing the anrxxint of dispersion to be compensated for. 
[0226] FIG. 36 shows the configuration for changing 
the numtjer and type of dispersion compensation units 
through which optical signals pass through. An input 
optical signal is switched bty an optical switch 350 - 
between whether the dispersion con^>ensdtion unit 
passes through or bypasses the next dispersion com- 
pensation unit. The optical switch350 is provided before 
each of the serially connected dispersion condensation 
units, arxJ determines whether or not the optical signal 
passes through this dispersion compensation unit pro- 
vided after each optical switch. With the configuration 
shown in FIG. 36. a bypa&s is formed. Gor^fequently, 
there is no need of passing through the dispersion com- 
pensation unit at the first stage when the optica) signal 
passes through the dispersion compensation unit at the 
second stage. As a resuH. the anwunt of dispersion 
compensation made by the cfispersion compensation 



unit can be optionally set 

[0227] FIG. 37 shows an example of a variation of ttie 
configuration shown in FK5. 35. An optical coupler 362 
is provided after each of the dispersion compensation 
units so that an optical signal can be branched. With this 
conf^uration, all signals dispersion-compensated by all 
types of possWe amounts of dispersion compensation 
in the configuration, are transmitted to the respective 
optical switch 360. When one of the optical swrtches 
360 is open, the optimally disjjersion^onpensated opti- 
cal signal can be transmitted to an optical switch or opti- 
cal coupler 361. Thus, the selected optimally 
dispersion-compensated optical signal can be transmit- 
ted from the optical switch or optical coupler 361. How- 
ever, with this configuration, the optical signal ts 
branched by the optical coupler 362 regardless of 
whether or not the optical signal is transmitted to tiie 
optical switch or optical coupler 361. As a result the 
power of the optical signal becomes smaller as the sig- 
nal is transmitted to the dispersion compensation unit at 
the later stage. 

[0228] FIG. 38 shows an example of a variation of the 
configuration shown in FIG. 37. An optical coupler 370 
is provided after each of the dispersion compensation 
units, and tiie optical signal dispersion-compensated by 
each of the dispersion compensation units is input to an 
optical swrtch 371. The optical swHch selects tiie opti- 
mally dispersbn-eompensated optical signal from 
among the optical signals processed in various disper- 
sion compensating operations. In this case, the optical 
signal becomes smaller in power by being branched by 
the optical caller 370 at the subsequent stage while 
the optical signal sequentially passes through disper- 
sion compensation units. 
35 [0229] FIGs.39and40showthedispersbnconpen- 
Ration and the waveform deterioration characteristics. 
[0230] FIG: 39 shows the waveform deterioration 
when an optical signal is trarismitted 80km through 4 
spans when it is an 8-wave-lengtiis multplexed signal at 
40 10 GbF^. The power of the light input to the transmis- 
sion line (single itiode fiber: SMF) is an average of +10 
dBm per channel. A pre-chirping fe performed with a 
parameter = -1 on the transmission station side. The 
tiBnsmitting station does not use a dispersion corhpen- 
45 sation f ber. but a repeater arid a receiving station per- 
form dispersion-compensattion using a dispersion 
connpensation ftoer having the same amount of Asper- 
sion compensation. 

[0231] An ISI deterioration refers to the arnount of 
so deterioration by ti^e inter-symbol interference, and indi- 
cates the deterioration of a signal in the amplification 
direction. H is recommendaWe that the IS) deterioration 
is dose to 0%. The phase margin indicates the anrKXint 
of deterioration of a signal in the phase direction such 
J5 as the amount of cfiisplacement iri the time direction of 
tiie ON/OFF pattern of an optical signal. It is recom- 
mendaWe that the phase margin is dose to 100%. 
[0232] Assume that the tolerance for tiie amourit of 
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deterioration of an optical signal is 1Q% in ISt deteriora- 
tion aixi 70% in phase margin. In FIG. 39, the width of 
the portion projecting downward at the IS! deterioration 
of 10% ranges from aboiA 1000 through 1200 
psAim/unit for each channel- On the other hand, the 

^ vvidlti of the portion projecting upward at the phase mar- 
gin of 70% ranges atxjut 1150 through 1300 ps/nnrVunit 

■ for each cfiannel, 

[0233] The overlapping portions of the above 
described projections refer, to the tolerance of the 
amount of dispersion compensation. A wider tolerarrce 
vvidth is desired, tmt FIG. 39 shows a very narrow wkfth. 
[0234] FIG 40 shows the same amount of dispersion 
. conpensation for the transmitting station and the 
receiving station. The repeater has double the anwunt 
of dispersion compensation of the transmitting station 
and the receiving station. The transmitting station per- 
forms a pre-chirping on the a parameter = +1. 
[0235] In FIG. 40, the width of the tolerance cannot be 
easily recognized. However, on the transmitting side, 
the dispersion comper^sation is perlormed and the a 
parameter makjes a positive pre-chirping, thereby 
exterxling the dispersion tolerance. 
[0236] FIG. 40 shows an easier graph. 
,[0237] FIGs. 41 A and 41 B show the dispersion toler- 
ance vyhen the phase margin is equal to or higher than 
70%. 

[0238] FIG. 41 A shows the pre-chirping with a pararn- 
eter = +1 on the transmitting side. FIG. 41B shows the 
pr^chirping with a parameter =: -1 on the transmitting 
side. 

[0239] FIGs. 41 A ard 418 show the case in vi^ich a 
pre-chjrping ismade on the transmitling side. In FIGs. 
41A arid 418, an optical signal is lransmitled at a trans- 
mission speed of 10 Qbps through 4 spans using a 16- 
wavelerigths multiplexed signal. In FIGs. 41 A and 418. 
the upper limit of the phase rnargin of 70% is indicated 
at lhe upper part of the graph, and the lower lirnit is indi- 
cated at the lower part of the graph. Ttie range tjetween 
these upper and lower limit refers to the cfispersion tol- 
erance. As shown in FIG, 418. when a negative pre- 
chirping is n>ade on the transmitting side, the upper limit 
is alrnost equal to the tower limit, thus allowing orily a 
SfT^I tolerance. On the other hand, when a positiye pre- 
chirpir>g is rnade on the transmitting side as shown, in 
FIG. 41 A. there is a large range between the upper and 
lower limits, thereby allowing a large dispersion toler- 
^npe. A largie dispersion tolerance indicates tt>at an 
optical signal can be transmitted at a ccmtant transmis- 
sion charact€|ristic independent of a change in the 
laifgth of span> of the transnnassion line although the 
arnount : of dispersion^ compensation of the repeater 
(inline ampfifier) remaiiis at a cpnstant level. This irKfi- 
cates a large tolerance arid there is no need of charigtng 
the amount of dispersion compensation, of the inline 
arhplif ier even wtien the span length of a transmission 
line changes by branching and inserting an optical sig- 
nal and the process, performied at recovery, etc., .and 



when the optical path of the optical signal is long due to 
the deterioration of the transmission line although the 
length of the transnriission line is still the same. This is 
an advantage when a system is actually designed. 

5 [024b] Described below is ari example of a redundant 
configuration (path protection) required when a network 
is designed u^ng an GADM devica 
[0241] FIG. 42 shows the configuration of the GADM 
node of a 2-f il)er BLSR. 

10 [0242] The wavelength divtsionTmultiplexing system 
for multiplexing 32 waves is described belowiby refer- 
ring to FIG. 42; In the BLSR, half of the wavelength 
channels are used for current use (work) and another 
half for standby use (protection) to make 2-fiber redun- 

75 dant configuration having an up transmission line and a 
down transmission line. For exarrple, in FIG. 42, the 
wavelengths of ?1 through ?16 are set for current use in 
the communications from the west to the east, and the 
wavelengths of ?17 through ?32 are set for standby use 

20 in the communicatiorrs from the east to the west 

[0243] Nornrially. an optical signal from the west 
passes from a 1>2 coupler 410 and is input to awave- 
ler^gth addAirop unit 412. which uses the waveler^glhs of 
?1 through?16 for current use, through an optical loop- 

25 back switch 4 1 1 . An optical signal output from the vrave- 
length add/drop unit 412 is transmitted to a transmission 
line through an optical kx)pback switch 413 and a 1x2 
coupler 414. Similarly, when an optical signal is trans- 
mitted from the east to the west it is output from a 1x2 

30 coupler 419 to a wavelength add/drop unit 417: through 
an oplrcal loopt>ack switch 418. The wavelength 
add/drop unit 417 uses the wavelengths of ?1 7 through 
?32 for cunent use. An optical signal from the wave- 
length add/drop unit 417 is output to the west terminal 

35 through an optical loopback switch 416 and 1 p2 coupler 
415. The wavelengths of ?1 through ?16 constantly 
carry the same informatk)n as the wavelengths of ?17 
through ?32. 

[0244] As shown in FIG. 43, if there arises a cable dis- 

40 connection at the west terminal and an optical signal 
canrrat be transmitted to the west, or an optical signal 
cannot be received at the west terminal, then a standby 
Hne having the wavelengths of ?1 through ?1 6 from the 
east is processed by the cunent devkje of the vvave- 

45 lertgth add^drop unit 412. and the current line having the 
vyavelengths of ?1 7 through ?32 is processed : by the 
current devrce of the wavelength ackVdrpp unit 417- 
That is. an optical sigr>al transmitted from the east termi- 
r^ is transmitted from the 1 x2 coupler 41 9 to the optical 

50 loopback switch 418 and also to the optical 

switch 411. The optical loopback switch 411 cfiscon- 
nects the path from the west terminal and transmits an 
-optk:al signal from the 1x2 coupler 419.^ to the;wave- 
length addAjrpp unit 412. The wavelength addAJrop unit 

55 412 processes the optrcal signal having the wave- 
lengths of |>1 through M6 in the current device, and 
^transmits it to tfie east terrr^nal through the optical loop- 
back switch 413 and the 1x2 coupler 414. Another opti- 
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cal signal from the 1>2 coupler 419 is input to the 
wavelength add/drop unit 417 through the optical loop- 
back switch 41 8, arxl the optical signal having the wave- 
lengths of ?17 through 732 is processed and output by 
the current device. The optical path of an optical signal 
output from the wavelength addAjrop unit 417 is 
switched by the optical loopback switch 416, and the 
signal is transmitted from the 1x2 coipler 414 to the 
east terminal. 

[0245] As shown in FIG. 44, when a cable discorinec- 
tion arises at the east terminal, a process as desaibed 
above is performed. However, the optical loopback 
switch 418 performs the operation of the optical loop- 
back switch 411, and the optical k)opback switch 413 
f>ertorms the operation of the above desaibed optical 
loopback switch 411. As shown in FIG. 44, the wave- 
lengths for current and standby uses by the wavelertgth 
add/drop unit 412 are used by the wavelength addJ&op 
unit 417 with the current use and the starKtoy use inter- 
changing with each other so that th&re is no r^ied of 
converting wavelengths of the optical signal when a 
cable is c£sconnected arxi the optical signal shouki be 
looped back. Therefore, the configuration of the device 
can t>e simplified, thereby reducing the cost of the entire 
system. 

[0246] The configuration of the device as shown in 
FIG. 44 is described by the name BLSR (bi-directional 
line switch ring), and adopted in a ring-sfiaped network 
(shown in RGs. 45 and 46). 

[0247] FIG. 45 shows a ring-shaped nehvork in the 
normal operation. OADM nodes A, B, C, and D are in 
the same state as the OADM nodes shown in FIG. 42. 
FIG. 46 shows the configuration of the ring-shaped net- 
work in whk:h the cat)le is disconnected at the west ter- 
minal of the OADM node A. In this case, the optical 
loopback switches4ll and 416 perform switching in the 
OADM riode A as shown in FIG. 43. In the OADM node 
D, the optrcal looptack switches 413 and 418 trUer- 
change with each other as stiown in FIG. 44. 
[0248] FIG. 47 shows the configuration of the OADM 
node of the 4-f toer BLSR. 

[0249] In the 4-f iber BLSR, the wavelength add/drop 
unit ts designed also in a duplex configuration: In the 
line from the west to the east, a current wavelength 
add/drop unit 423 and a standby waveler^gth add/cbrop 
unit- 424 are provided. In the line from the east to the 
west; a current wavelength add/drop unit 431 and a 
standby wavelength add/drop unit 432 are provkJed. In 
the 4-fajer BLSR, the transmisskm line also has a cur- 
rerit and standby configuration. For ©cample, a 32-chah- 
nel is not divided into current and standby uses, but all 
32 waves are used. 

[0250] In the 1 +1 ixotection, the same information is 
transmitted through a current transmission Inne and a 
standby transnDission line. In the normal operation, an 
optical signal input from the west terminal is input to an 
optkal 1+1 proteetkxi switch 425 through optrcal loop>- 
tjack switches 426 and 427. The optical 1+1 protection 



SW 425 switches the current and standby circuits. Nor- 
mally, an optical signal transmitted through a high SKI 
ratio is input to the current v»^elength add/drop unit 
423. An optical signal output from the optical i+1 pro- 
5 tection switch 425 is input to the current wavelength 
add/drop unit 423 or the standby wavelength addAirop 
unit 424. processed therein, and input to an optical 1+1 
protection switch 422. The optical 1+1 protection switch 
422 switches current and starKt>y configurations, and 
10 an output optical signal is transmftled to the east termi- 
nal through optical loopback switches 420 and 421 . 
[0251 1 Current and standby optical signals transmitted 
from the east to the west are respectively Input to the 
current wavelength add/drop unit 431 and a standby 
15 wavelength add/drop unit 432 through optical loopback 
switches 434 and 435 and an optical 1+1 proteetkxi 
switch 433, and then processed. The optical signals 
output from current arKf standby wavelength addWrop 
units 431 and 432 are transmitted to the west terminal 
20 through an optical 1+1 protection SW 430. and optk^al 
loopback switches 428 and 429. 
[0252] FIG. 48 shows an example of the cohfiguriation 
of a ring-shaped network using an OADM iiode shown 
in FIG. 47. 

25 [0253] When all cables west of the node shown in FIG. 
47 cannot be used due to. for exarmple, a disconnectfon, 
a loopback transfer is performed by the node (see FIG. 
49) The optical signal input from the east current line is 
input as is to the current wavelenigth adid/dirop unit 431 . 

30 The optical signal output from the current wavelength 
add/drop unit 431 is input to the optical toppback switch 
428 through a optical 1+1 protiection switch 430. How- 
wer, it is not transmitted to the west terirnial, but is 
transferred to the optical loopback switch 421. and is 

35 transmitted to the east terminal through a stanctoy cir- 
^it On the otiier hand, the optical signal input from the 
standby circuit at the east terminal is transferred by ttre 
optical toopback switch 435 to ft\e ofAK^i foopback 
switch 426 after, tor example, the disconnection of cable 

40 at the west terminal. The optical loopback switch 426 
inputs the transfenred optical signal to the current wave- 
length addAjrop unit 423 through the dplfcal 1+1 protec- 
tion switch 425. When this optical signal is output from 
ttie current wavelength addAdrop urwt 423, it is transmit- 

45 ted to the east tehnihal through the optical 1+1 protec- 
tion switch 422 ar>d the optical loopback switch 420 
usirKi the current circuit 

[0254] Described atx>ve is the operations of the 
OADM node A shown in FIG. 49. 

so [0255] When all cabries east cannot be used, the 
above described operatbns are performed.' However, 
the operatkMis of the oplfcal loopback iswitch 428 are 
performed by the optical loopback switch 420, aind the 
operations of the optical loopback switches 4^ and 426 

55 are performed by the optical 1+1 protectfoh switches 
427and434. 

[0256] Described above Is the operations of the 
OADM node D shown in FIG. 49. 
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[0257] . in me 4-fiberBLSR. actions can be taken even 
if the feuJt.with the current wavelength add/drop unit and 
the disconnection of the transmission line simultane- 
ously occur. Assume that, for example, as shown in FIG. 
50. the current vt^avelength add/drop unit 423 becomes 
faulty, and.simultaneously the current circuit toward the 
west is disconnected. 

[0258] At this time, the path of the optical signal input 
from the east current circuit is switched to the standby 
path by the optical 1+1 protection switch 430 through 
the current wavelength add/drop unit 431, and is then 
transmitted to the west terminal through the optical 
loopback switch 429: On the other hand, the optical sig- 
nal input from the west current circuit is transmitted by 
the optical 1+1 protection switch 425 to the standby 
wavelength addMrop unit 424. The signal transmitted 
from the wavelength add/drop unit 424 is transmitted to 
the optical loopback switch 420 by the optical 1+1 pro- 
tection switch 422, and then output to the east terminal 
using the current circuit. 

[0259] Thus, when tfie current circuit of the transmis- 
sion line is not available, or when , the current wave- 
length add/drop unit is not available, the optical 1+1 
protection switch 430 switches the current and standby 
configurations to overcome the fault. 
[0260] FIG. 51 .shows the configuration of the node of 
the 2^f iber BLSR in the system for performing a bi-direc- 
tional transmission using a single fiber. 
(0261 ] With the configuration shown in FIG. 51 , the 
optical signal input from the. east tennrtinal ol^m^ 
circuit is t>ranched by a BD-WDM coupler 440, and is 
irput to a wavelength add/drop unit 444 for processing 
the wavelengths of ?1 7 through ?32 (assuming that the 
nunrfeer of wavelength division-muH^^ is 32). In this 
example, a BDrWDI^. coupler refers to bi-directional 
WDM coupler. The optical signal output from the device 
444 is input to a BD-WDM coupler 447 through an opti- 
cal loopback switch 446, and then transmitted to the 
west terminal using, the cunent circuit On the other 
hand, the optical signal having the wavelengths of ?1 
through ?16 and input frorn. the west ternriinal using the 
current circMit is input: to the deyiee 443 for processing 
the waveleingths t>1 through >1 6 in the current wave- 
length add/drop units through an optical loopback 
switch 445. The optk^al signal output from the device 
443 is wavelength-nnuttiplexed^with an optical signal 
passing toward west by the BD-WDM coupler 440 
through an qptic^rkx)pback switch 441vand is transmit- 
ted tovii^ east throi^h the current chrciwt: 
[0262] Thus, when a bi-directional transmission is per- 
fprmed-using a sirrgle ftow^ waveler>gths are 

Msed so as to iricrease the iriterference with optical 
signals propagating in thp opposite direction. For exam- 
ple, ffi FIG, 51, a signal from. t^ east is 
assumed to have thie wavelengths of ?1. through ?16, 
and a signal from the east to the west is. assumed to 
have the wavelengtfis of t>17 through |>32. 
[0263] The operations of the stancft>y.configuration 



during the normal operation are ithe same as those of 
the current configuration. However, the slanctoy and cur- 
rent configurations are drffer^t from each dtheir in iavail- 
able wavelengths. That is, the wavelengths of the optica! 

5 signal from the west to the east are ?17 throuigh ?32 
while the wavelengths of the optical signal from the east 
to the west are ?1 through ?1 6. 
[0264] Assume that tx>th current and standby trans- 
mission lines at the west terminal of the 0ADM node 

10 cannot be used as shown in FIG. 52: The optical signal 
having the wavelength of p^ through >16 is input to a 
BD-WDM coupler 448 using the starxJby circuit from the 
east terminal, and isthen transferred to the optical k)op- 
back switch. 445 through the opticaMoopback switch 

15 450. The optical loopback switch 445 inputs the trans- 
fen^ed optical signal to the device 443 for processing the 
wavelengttTS of?1 through ?16 in the current wavelength 
add/drop unit The optical signal output from the device 
443 is input to the BD-WDM coupler 440 through the 

20 optical loopback switch 441 , and is then tiransmitted to 
the east terminal using the current circuit 
[0265] On the other band, the optical signal having the 
wavelengths of t>1 7 through |>32 input to the BD-WBM 
coupler 440 from the east terminal using the current cir- 

25 cuit is input to the device 444 through the optical loop- 
back switch 442; and is then processed. The optical 
sigr^ output from the device 444 is transferred by the 
optical kx)pback switch 446 to an optical loopback 
switch 449; and is then transmitted to the east terminal 

30 through the BD-WDM coupler 448 using the standby cir- 
■ cuit'. . ■ 
[0266] Furthernriore, as shown in FIG. 53, when both 
current arid standby tBnsmissioh lines at the east tenni- 
nal of the OADM node cannot be used, the operations 

35 to be performed are the same' as described above. 
^ However, the operations of an optical loopback switch 
450 are performed by an opticait loopback switch 453, 
and the operations of the optical k>opback switches 446 
and 449 areperformedby the optical looptjack switches 

40 441 and 453. 

[0267] FIG. 54 sfiows the configuration of a iring- 
shaped network using the' OADM node shown in FIG. 
51; FIG. 55 shows an example of the case in which a 
cattle is disconnected at the west terminal of ttie OADM 

45 node A In this case, in tiie OADM node A. the optical 
foopback swrtohes 445. 446, 449, and 450 operates as 
in the case shown in FIG. 52. As in the ease shown in 
FIG. 53, the optical kx)pback switches 441, 442, 453, 
and 454 operate in the OADM node D. . 

50 [0268] The optical sigrial having the wavelengths of ?1 
through ?32 descrft>ed by referring to FIGs: 42 through 
. 54 has the frame configuration correspondng to the 
SONET OC-192 or 00-48^ OG-12. etc. in Korih Amer- 
■ ica. . • . 

55 [0269] FIG. 56 shows an exaniple of the configuration 
of the optical 1+1 protection switch. 
[0270] The OADM node is deistgned to have a redun- 
dant configuration usir^ an optical 1+1 protection 
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switch. When the optical 1+1 protection switch becomes 
faulty, the redundant conftguratibn does not success- 
fully function. Therefore, the optical 1+1 protection 
switch itself should also be redundantly designed. 
[0271 1 The optical signal input from the input terminal s 
is double-branched by 2\>t couplers 460 arxJ 461, and 
input to gate switches 462 through 465. The oplicai sig- 
nal which has passed through the gate switches 462 
through 465 is output from 2t>1 coupler 466 and 467 to 
the output terminal. When one of the 2p^ couplers 466 
and 467 becomes faulty, one group of the gate switches 
462 and 463 or the gate switches 464 and 465 is kept 
open, and the other group is kept dosed for transmis- 
sion of an optical signal. If one of the 2x1 couplers 460 
and 461 t>ecomes faulty, then one group of the gate 
switches 462 and 464 and the gate switches 463 and 
465 is kept open and the other group is kept closed for 
trar)smission of an optical signal. 
[0272] Thus, by switching the gate switches 462 
through 465, an appropriate action can be taken to 
recover from the fault even if any of the 2|>1 couplers 
460, 461, 466, and 467 becomes faulty. 
[0273J FIGs. 57A and 57B show the concept of how a 
regenerator should t>e inserted in an optical transmis- 
sion system. 

[0274] As shown in FIG. 57 A. optical amplifiers 470- 1 
through 470-4 are provided in the optical transmission 
line. After connecting a predetermined number of the 
optical amplifiers 470-1 through 470-4, a regenerator 
471 regenerates an opticaf signaL 
[0275] FIG. 57B shows the level change and the dete- 
rioration of the SN iratio of an optical signal transmitted 
through the optical amplifiers 470-1 through 470-4. As 
shown in FIG. 57B, the level of the optical signal is 
amplified by the optical amplifiers 470-1 through 470-4. 35 
and is attenuated as the signal propagates through the 
transmission line. Therefore, if only the level of the Opti- 
cal signal is considered, an optical amplifier is provided 
at appropriate intervals in the transmission line. Hew- 
ever, as indicated by the graph of the SN ratio shown in 4o 
FIG. 578, noise referred to as ASE {amplified sporrtane- 
ous emission) is accumulated on the optical signal in 
the optical amplifier. Therefore, the SN ratiois gradually 
reduced. The speed of the deterioration of the SN ratio 
stows down as tf>e deterioration goes on. However, in. 45 
thris state, the inforn^ation of the optk:al signal cartnot t>e 
con:ectIy read. As a result, the optical signal sh^ld be 
regenerated using a regenerator 471 before the SN 
ratio indicates a serious value. The regenerator 471 
demultiplexes a received wavelength-muhiplexed opti- so 
catsignal into each wavelength, recdves a light for each 
wavelength using an optical receiver OR, generates an 
electric signal in the 3R process, converts the electric 
signal into an optical signal using the optical transmitter 
OS, and then transmits the resultant signal. The optical 55 
signal regenerated for each wavelength is multiplexed 
with each other, and re-transmitted as a wravelehgth 
nmiltiplexed optical signal through the transmission line. 



[0276] The method of providing the regenerator 471 is 
to provide tie regenerator 471 in the linear network 
such that the regenerator receives an optical signal 
whkih has passed tfvough a predetermined number of 
optical amplifiers. However, in the ring-shaped network 
having a redundant configuration, the position of the 
regenerator should l>e optimally determined such that 
the regenerator can receive an optical signal whrch has 
passed through a predetermined number of optical 
amplifiers even if a standby path is available. Normally, 
if a regenerator is provided after five optical amplifiers, a 
standby path nay not successfully fonction. Therefore, a 
regenerator can be provided after less than five optk:al 
amplifiers, for example, three ampl^iers. With this con- 
f iguratfon, an optical signal is regenerated earlier, and a 
larger number of expensive and compScated regenera- 
tors are incorporated into the network. However, this 
must be optimized in consideration of the performance 
and cost of the network. 

[0277] The present mventiori realizes a simple- 
designed arxJ inexpensive OADM device and system of 
an optional wavelength type. 

Claims 

1 . An optical seleclioh apparatus for connecting a ter- 
minal station to a WDM optical transmission appa- 
ratus by performing at fea^t one of branching an 
optical signal from and inserting an optical signal to 
the WDM optical trartshrusskMi apparatus, compris- 

. ing: 

a first variable wavelength selection filter tuned 
to select a first wavelength and having an out- 
put corrected to the terminal station; and 
a second variatrfe wavelength selection fitter 
tuned to select a secbrxj wavelength, different 
from the first wavelength, aixl having an output 
connected to the terminal statioh. 

2. The apparatus according to claim 1 wherein each of 
said first arxJ secoTKl varial^le wavelength selection 
filters include an AOTF or a plurality of cascade- 
connection AOTFs. 

3. The apparatus accoricfir>g to claim 1 wherein: 

the WDM optical ti^ansmissron apparatus trans- 
mits optical signals on successiveiy different 
optical wavelengths; and 
the first waveler^gth to which said first variable 
wavelength selectibn filter is tuned arid the sec- 
ond wavelength to which said second variatrfe 
wavelength selection filter is tuned are adjacent 
wavelengtfis of the successively different wave- 
lengths. 

4. The apparatus acGortfir>g to claim 1 wherein: 
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the first and second variable wavelength selecr 
tion filters pass through vravelengths to which 
the first and second variable selection filters 
respectively are not tuned; 
the first and second wavelengths are branched 5 
from the WDM optical transmission apparatus 
to the. terminal station such that said first and 
second variat)le wavelength selection filters 
furiction only in branchir>g optical signals, and 
the apparatus further comprises ari optica! w 
wavelength multiplexer to insert an optical sig- 
nal from a terminal station by wavelength multi- 
plexing, the optical signal, from a terminal 
station with a signal v/hich has passed through 
said first and second variable wavelength 75 
selection filters. 

5. The apparatus according to daim 4, further com- 
prising: 

20 

a txanch wavelength multiplexer connecting 
the outputs of the first and second variable 
wavelength selection filters to the terminal 
apparatus, for multiplexing an optical signal 
having the first wavelength with an optical sig- 25 
nal having the second wavelength. 

6. The apparatus according to daim 5. further com- 
prising a variable optical attenuator, provided 
betweenihe output of said first variat>le wavelength 30 
selection fitter and said wavelength multiplexer to 
adjust a power of the optical signal having the first 
wavelaigth to be approximately equal to a power of 
the optical signal having the second wavelength. 

. . 35 

7. The apparatus according to daim 5 wherein: ^. 

an optical spectrum monitor is connected to an 
output port of said branch wavelength multi- 
plexer to morittor the existence, waveler^gth, 40 
and power oithe optical signals multiplexed by 
the branch wavelength multiplexer 

8- The apparatus accordbig to daim 1 , wherein: 

: 45 

the first and second variable wavelength selec- 
tipf) faters output to a through port optical sig- 
nals having wavelengths to which the ffrst and 
second wavelength selection filters are respec- 
tively not tuned, the apparatus further com- so 
prises a polarization dispersion eleminator 
provided downstream from the through ports of 
said first and second variable wavelength 
selection filters. 

55 

L The apparatus according to daim 2 wherein: 

the firsi and second variaWe wavelength selec- 



tion filtefs pass through vvavelengths to which, 
the ffrst and second variable wavelength selec- 
tion filters respectively are not tuned and the 
power of the optical signals passed respec- 
tively' through said f irst -and second variable 
wavelengtti selection filters is adjusted by 
adjusting the power of the RF signals input to 
said first arKJ second variatrfe wavelength 
selection fillers. 

10. The apparatus according to claim 4. wherein: 

an input transmission line supplies optical sig- 
nals to the first variattle wavelength selection 
filter; 

the optical wavelength nujltiplexeir supplies 
optica! signals to an output transmission line; 
arKi 

the apparatus further comprises optical amplifi- 
ers, provided respectively between the infXJl 
transmission Brie and the fii^ variable wave- 
length selection f ater; arKi between said optical 
wavelength multiplexer and the output trans- 
mission line, to compensate for signal loss in 
the transmission lines arxf siaid optical selec- 
tion apparatus. 

11. The optical transmiission apparatus according to 
daim 10 wherein: 

said optical amprrfier between the inipul trans- 
mission line and said first variable wavelength 
selection filter is formed by a first amplifier 
device, a dispersion compensator to compen- 
sate for dispersion of the optical signal caused 
in the irput transmission line arid a secorKi 
amplifier device to compensate for signal loss 
in said dispersion compensator. 

12- The apparatus according to claini 10, fuilher com- 
prising; 

a coupler to branch light, provided between 
said input transmission line and said first opti- 
cal amplifier or l>etween said second anplifier 
- and said output transriiission line; arid a moni- 
tor to monitor the existence, wavelength, and 
power of light branched by sawf coupler. 

13. The apparatus according to daim 4 wherein: 

the first variatJe wavel&>gth seteiction filler 
receivesioptical signals from an input trarismis- 
siooline. 

a denujltiplexer is provided beitweeh said first 
variable wavelength selection filter and the 
. input transmission line; 
a part of optical signals transmitted from said 
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demulfiplexer are branched, and the branched 
optical signals are transmitted to a receiving 
terminal station; 

said first and second variable wavelength 
selection filters pass through to the output s 
transmission line, optical signals having wave- 
lengths to which the first and second variable 
wavelength section filters are not tuned, the 
first and second wavelengths are not transmit- 
ted to the output transmission line. io 

14. The apparatus according to daim 10 wherein: 

optical signals having the fifst and second 
wavelengths are branched by said first and 75 
second variatrfe wavelength selection filters 
even when the optical signal to be inserted by 
the wavelength multiplexer is not received. 

15. The apparatus according to claim 1, wherein the 20 
appmratus contains working and protection selec- 
tion dwices, each containing first and second vari- 
able wavelength selection filters, the apparatus 
further comprising a pair of 1x2 optical switches 
positioned respectively on either side of the working 25 
and protection selection devices, one port of each 
1x2 optical switch being connected to the working 
selection device and another port of each 1x2 opti- 
cal switch being connected to the protection selec- 
tion device, the 1x2 optical switches normally being 3a 
connected to the working selection device, but 
being switched to the projection selection device in 

the event of a fault in the working selectkxi device. 

16. The apparatus according to claim 1, further com- 35 
prising a pair of 1x2 optical switches positioned 
respectively on either side of the first and second 
variable wavelength selectkwi filters and the optical 
wavelength multiplexer, both of the 1x2 optical 
switches fm'mg one port connected to a working 40 
transmission line and one port connected to a pro- 
tection transmission line, the 1x2 optical switches 
normally connecting the first and second variat»le 
wavelengths selectk>n fitters to the working trans- 
ntission line, Ixit connecting the first and second 45 
variable wavelength selection filters the protection 
transniission line when the working transmission 
line becomes faulty. 

17. The apparatus according to claim 2, wherein RF so 
signals are applied to the AOTFs of the first and 
second variable wavelengths selection filters to 
respectively select optical signals having the first 
and second wavelengths, the apparatus further 
comprising: 55 

an optical coupler provided at the output of at 
least one of the first and second variafcrfe wave- 



length selection fillers to branch a portion of the 
selected optical signal; 

a photodetector connected to the optical cou- 
pler to monitor the optical power of the signal 
branched thereby, the frequency or power of 
the RF signal applied to the AOTF of the at 
least one selection filter being varied to maxi- 
mize the optical power monitored by the photo- 
detector. wiUi characteristic fluctuations in the 
AOTF of the at least one selection filter beir^g 
processed. 

18. The apparatus according to daim 8, wherein first 
and second polarization dispersion eliminators are 
respectively provided downstream from the through 
parts of the first and second variable wavelength 
selection f ilters. 

19. The apparatus according to daim 18, wherein the 
first and second polarization dispersion eliminators 
each include a PANDA fiber. 

20. An optical trar^smission system having an optical 
transmission apparatus and a terminal station, 
comprising: 

a one-wave selection AOTF provided in the ter- 
minal station, to receive a predetermined RF 
signal; 

a branch/insertion AOTF provkied in the optical 
transmission apparatus to receive a predeter- 
mined RF signal after the one-wave selection 
AOTF has become stable, thereby branching 
an optk;al signal; 

an optical spectrum monitor to determine when 
the optical signal has been branched by the 
branch/insertion AOTF; 
a one-wave insertion AOTF provided in the ter- 
minal statk)n, to receive a predetermined RF 
signal after the optical signal has been 
branched by the branch/insertion AOTF; 
an optfcal transmitler provided in the terminal 
statkxi to supply an optical signal to the one- 
wave insertion AOTF after the one-wave inser- 
tion AOTF has become stable, for insertion by 
the optical transmission apparatus, the optical 
signal si^lied by the optical transmitter being 
monitored by the optical spectrum nKinrtor to 
corrtrol the wavelength and optical power of the 
optical signal. 

21- An optical transmission system comprising: 

an optrcal transmission fine having first and 
second ends; 

at least one optical amplifier provided behween 
first and second ends of the transmissbn line; 
a transmitter connected to the first end of the 
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transmission line Jo modulate, the phase or fre- 
quency of a transmission light and to chirp the 
trarismission light to exterxJ the distance in the 
transmissipn line at which an optical waveform 
is presented, the transmitter having a disper- 
sion compensator. to conrpensate.for a wave- 
length dispersion ctiaracleristic in the 
transmission line; 

a node provided in the transmission line to 
branch optical signals from and insert optical 
signals to the trarrsmission line; 
an optical receiver connected to the second 
end of the transmission line; and a dispersion 
compensator provided between the second 
end of the trar>srnission Hhe and the optical 
receiver to compensate for the wavelength dis- 
persion characteristics in the transmission line. 

22- The system according to claim 21 , wherein the dis- 
persion compensators each include a switch and a 
plurality of dispersion condensation units con- 
nected in series with a node provided between 
each dispersion compensation unit, the switch 
selectively connecting to a one of the nodes 
depending on a required amount of dispersion com- 
pensation. 

23> An optical transmission unit for connecting a termi- 
nal station to a WDM optical transmission appara- 
tus by performing at least one of branching an 
optical signal from and inserting an optical signal to 
the WDM optical transmission apparatus, conpris- 

a first variable, wavelertgtfi tunable filter ha 
an input, a control port and first and second 
outputs, to select an pptipal signal having a 
wavelength corresponding to a signal supplied 
to the control port, the selected optical signal 
b»eing output from the first output and remaining 
optical signals being output from the second 
output; and a 

second variable wavelength tunable fBter hav- 
ing.an input; a control pal and firsthand second 
outputs, to select an optical signal having a 
. wayelerigth corresporxJing to a signal supplied 
to the . contrpi port, the js^ected opticaJ signal 
being output from the first 
optical sigrials b^ng , output irom the second 
ou^3ut. the input of the second variable wave- 
length tunable filter being connected to one of 
the outputs of the first variable wavelength turv 
able f Dter, the ^riai su^^ 
of the second variable waveiengtfi tunatrfe ViXim 

; cpn-espcNxling toa wavelehg^ 

. . differerit from the wavelength of tt»e optical sig- 

. r^l selected by the first variai^^ 
tunat>le filter. 



24. An optical transmission unit according to claim 23. 
wherein the first and . second variable wavelength 
tunatjie filters are acousto-oplic tunable filters. 

5 25. An optical transmission unit according to claim 24, 
wherein the input of the second variable wave- 
length tuhatde filter Is connected to the second out- 
put of the first variable wavelength tunable filter. 

10 26. An optical transmission unit according to claim 23, 
further comprising a wavelength multiplexer to com- 
iDine the optical signals output from the first outputs 
of the first and second variatjie wavelength tunable 
filters. 

27. A WDM optical transniission system for transmitting 
a plurality of optical channels having respective dif- 
ferent wavelengths, the plurality of optica! chann^s 
including first and second groups of channels, cbm- 
20 prising: 

a first optica! transmission line carrying all off 

the plurality of optica! channels; 

a secorxJ optical transmission line canying all 

25 of the plurality of optical channels; and a switch 

device provided at a node to nomnally connect 
both the first and second optical transmission 
lines to the node such that the node receives 
the first group of channelsfrom the first optical 

30 transmission line and receives the second 

group of chiannels from tlie second optical 
transmission fine, the switch device switching 
,to connect only one of the first and second opti- 
cal transniission lines to the node when the 

35 Other of the first and second optica! Iransmis- 

V sion lines experierKes a problem such that 

node receives all of the plurality of optical chan- 
nels from on optical transmission line. 

40 28. A WDM optical transmission systeni according to 
daim 27, wherein the node has an optical add drop 
rnultiplexer, such that the optical add drop multi- 
* plexer receives the first and second group of optical 
channels. 

45 

29. A WDM optica! transmtssfoh: system according to 
daim 27, wherein the first and secorxJ optica! trans- 
nrnssion fines each indudoT two trar^ 
; iportipns terminating at the node., . ^ 

50 . . . - . y 

.30. A WE>M optical transmission system according to 
daim 27, wherein the first and second cptica! trans- 
mission fines each lrK:lude four transmission fine 
- portions terminating at the node. 

55 . . , ; • _ . • ... 

31. ; A WDM optical transrnission system according to 
, daim 27. wherein the switch device irrcludes at 
lease one pair of optical loopback swvitches con- 
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necting the transmission lines to opposing sides of 
the node, each optical ioopback switch having two 
transiTBssron line inputs and switching the node to 
one of two transmission line inputs. 

5 

32. A WDM optical transmission system according to 
claim 27. wherein the optical transmission system 
is configured as a ring network such that there is a 
continuous flow of optical signals around the ring 
network. to 

33. A WDM optical transmission system according to 
daim: 27, wherein the node has first and secorxl 
add drop multiplexers, with the first add drop multi- 
plexer normally adding and dropping the first group 75 
of channels and the second add drop multiplex nor- 
mally adding and dropping the second group of 
channels, the switch device switching all of the plu- 
rality of optical channels to one of the add drop mul- 
tiplexers when the other of the add drop so 
multiplexers experiences a problem. 

34. A WDM optical transmission system according to 
claim 27, wherein the optical transmission lines are 
t)i-direetional optical transmission lines canrying the 25 
first and second groups of chanr>els in respective 
opposing directions. 

35. A method of using first and second optical transmis- 
sion lines in an optical transmission system trans- 30 
mitting a plurality of optical channels having 
respective different wavelengths, the plurality of 
optical channels including first and second groups 

of channels, comprising the steps of: 

35 

carrying all of the plurality of optical channels 
on txjth the first and secorxi optical transmis- 
sion lines; 

in a normal operation mode, connecting both 
die first and second optical transmission lines 40 
to a node such that node receives the first 
group of channels from the first optical trans- 
mission line and receives the second group of 
channels from the second transmission line; 
and : 45 

switching to connect only one of the first and 
second optical trar^smission lin^ to the node 
then the other of the frst and second optical 
transmission lines experiences the problem 
such that the node receives all of the plurality of so 
optical channels from one optical tmnsbiission 
line. 

36- An optical terminal station for receiving an optical 
signal branched by an optical transmission appara- 55 
tus and transmitting an optical signal to be inserted 
to said optical trarismission apparatus, coniprising: 



an optical wavelength multiplexer for combining 
a Plurality of optical signals having different 
respective wavelengths, and travelling on dif- 
ferent respective transmission Bnes, onto a 
common transnriission line, and transmitting a 
wavelength-multiplexed signal as the optical 
signal to be inserted to said optical transmis- 
sion apparatus. 

37. The optical terminal station according to claim 36, 
further comprising: 

a dispersion compensator, provided between 
said optical wavelength multv>lexer and the 
optical transmissbn apparatus, for optimally 
compensatir>g for dispersion in a ti^ansmission 
line. 

38. The optical terminal station according to claim 36, 
further comprising: 

a plurality of light sources to produce output 
lights having the different respective wave- 
lengths; 

a light source multiplexer to combne the output 
lights from said plurality of light sources and 
produce a nwltiplexed light; 
an optical amplifier to amplify the nmiftiplexed 
light and compensate for a loss in said light 
source multiplexer; 

an optical splitter for splitting the multiplexed 
light into a predetermined number of streams, 
up to a maximum number ecpjal to the number 
of light sources; 

optical variable filters for selecting a predeter- 
V maied optical wavelength from each light 
stream produced by said optical splitter; and 
an optical modulator to nrxxlulate ttie light 
streams having the selected predetermined 
optical wavelengths to produce the optical sig- 
nals combined by said optical wavelength rrxA- 
tiplexer. 

39* An optical transmission system comprising : 

an optical transmission apparatus for branch- 
ing an optical sigrial having a predetermined 
wavelength from a transnrM^on line carrying a 
wavelengti^i nuiltplexed optical signal, and 
; inserting an optical sigr^l havir>g a wavelertgth. 
corresponding to the fc>ranched optical signal, 
to tf>e transmission fine; 
an optical amplifier for aiiiplifying tiie branched 
optical signal; 

an optical splitter having output terminals, for 
dividing the branched optical signal into a plu- 
rality of signals; tobeoulput respectively by the 
output terminals; 
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, optical "fitters provided respectively at the out- 
put terminals of. said optical splitter; 
an ojstical terminal station to receive optical sig- 
nafe from the optical filters, select the wave- 
length of the signal received and supply the 
optical signar to be inserted by the optical 
transmission apparatus. 

40. The optical trar^smission system according to claim 

39 wherein: 

- the optical filter provided at each output termi- 
nal of said optical splitter is a variable opttcat f li- 
ter to select a variable wavelerigth; arid 
the optical ternrvnal statiixi selects the wave- 
length to be received by controtling the corre- 
sporKjtr>g optical fSter. 

41- The optical transmission system according to claim 

40 wherein: 

one AOTF or a pturatity of cascade-connected 
AOTFs are used as the variable optical filter 
provided at each output terminal of the optical 
splitter. 

.42. The optical transmission system according to claim 
39; vvherein the optical transrriission apparatus 
brarYches and inserts a plurality of optical signals 
having different respective wavelengths further 
comprising: 

a wavelength selection fiher to Ixanch the opti^ 
cal signals based on a octroi signal applied 
thereto; : ; s 

an optical insert amplifla- , provided in the 
brarKh ternunat» to amplify the optical signal to 
be inserted, and a control device t>ranch port to 
nrwitor the existence, vrayelength, and power 
of optical signals branched from and inserted 
to the transmission line, adjust a power of the 
, control-signal appped to the waveler^h sel ec- 
tipn filter ai^d adjust an output. power of the opti- 
cal insert amplifier, the ^:^^^c^ device 
nnaintairiing a unrform/optical power in the sig- 
nals to be branched 

power pf optical, signals to be equal to the 
power of an optical signal with a wavelength 
vvhic^ has a smallest sigrial power. 

43. The apparatus. according to daim 2; wherein: 

, RF signa|s^,are in^ 

first and s«c^ variable wavelength selection 
., f iiters^to vvayeierigtte cqresporx^ RF 

■ signab,^,,. ' - . 
. the : apparatus further comprises ari optical 

spectrum mordtor downstream ^from the first 



and second variable wavelength selection ffl- 
ters for monitoring an optical frequency and ah 
optical power of optical signals having the first 
and second wavelengths, optical signals hav- 
5 irig thelirst arxi secorxf wavelengtfis are feed- 

back controlled to. have optinuim optical 
wavelength and optical power by varying the 
frequency arxJ power ol the RF signals used in 
driving the AOTFs: 

10 , . 

44. The apparatus according to claim 43, further com- 
prising: 

a lenperature control circuit to control the tem- 
15 perature of the AOTFs of the first and second 

variable wavelength selection filters, wherein 
said temperature control circuit being feedback 
corrtrolled based on the monitorir^ by said opti- 
cal spectrum monitor so that optical signals 
20 having the first and second wavelengths have 

optimum optical wavelength arxi optical power. 

45. Tbe apparatus according to claim:43 wherein: 

25 an optical switch is provided at an input to the 

optical spectrum monitor so that the optical 
spectrum nrwnrtor can be switched to monitor at 
least optical signals downstream from the first 
and second variable wavelength selection fB- 
30 - ters.and optical signals upstream from the first 

arxl secorxJ variable wavelength selection fil- 
ters. 

46. Tbe optical transmission apparatus according to 
35 daim 2 wherein: 

>' . ' . * ■ 

a light selected by an AOTF is txanched by an 
optical coupler; 

an optical power ismonitored by a photbdetec- 
40 tor; an RF frequerKy or an RF power to be 

applied to an AOTF is controlled, such that an 
. optical receivnig power of the photodetector 
can be constantly nnaximurn-.arxJ 
a fluctuation of an optical wavelength and an 
45 optical power^ or a characteristic fluctuation of 

the AOTF can be propei'ly processed. 

47i ;T>l.e apparatus accordir>g to claim 1 7 wherein: 

50 a low frequency is superposed on the RF sig- 

nal applied to the AOTF of the at least one 
selection filter to determirie a cerrter position of 
the optical wavelength or to determine the opti- 
: . ;murn>RF power teased, on the optical signal 

55 received by the, photodetector; 

48. A rriethod for operating an optical transmission sys- 
tem having an optical transmission apparatus for 
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branching an optical signal from a transmission line 
or inserting the optical signal to the transmission 
line; and a terminal station for receiving the optical 
signal branched from said optical transmission 
apparatus, and transmitting the optical signal to be 5 
inserted to said optical transmission apparatus 
comprising the steps of: 

supplying a predeterminsd RF frequency to a 
one-wave selection AOTF at a receiving unit of 10 
the terminal station- 
branching, after the one-wave selection AOTF 
has become statrfe, a predetermined optical 
signal from the optical transmission apparatus 
to the terminal station by supplying a predeter- is 
mined RF frequency to a branch/insertion 
AOTF of the optical transmission apparatus; 
supplying after an optical spectrum monitor 
determines that the predetermined optical sig- 
nal has been branched, a predetermined RF 20 
frequency to a one-wave insertion AOTF of the 
terminal station; 

driving after the one-wave insertion AOTF has 
become stable, an optical transmitter to supply 
an opticat signal to the one-wave insertion 25 
AOTF for insertion by the transmission appara- 
tus; monitoring the optical sigial supplied by 
the optical transmitter using the optical spec- 
trummonitor; and controlling the optical signal 
supplied by the optic transntitter to have a pre- 30 
determined optical wavelength and optical 
power 

49. The system according to claim 20 wherein: 

35 

when an optical signal is received at the one- 
wave selection AOTF from the branch/insertion 
AOTF and one-wave selection AOTF is not 
receiving the predetermined RF signal, the 
optical signal passes through the branctVinser- 4o 
tion AOTF to enter a noisassing state; 
after the one-wave selection AOTF has 
become stable, the predetermined RF signal is 
applied to the branch/insertion AOTF regard- 
less of vyhether the optical signal is actually : 45 
branched to the terminal station; and 
said terminal station eliminates amplified spon- 
taneous emissions being transmitled tiiereto 
by applybg no RF signals to the one-wave 
selection AOTF. 50 

sa The syistem according to claim 20 wherein: 

the branch/insertion AOTF passes through for 
transmission optical signals hot con-esponding 55 
to the predetermined RF signal and branches 
optical signals corresponding to this predeter- 
mined RF signal, when an optical sr^al is 



received at the one-wave selection AOTF from 
the branch/iiTsertion AOTF and one-wave 
selection AOTF not receiving the predeter- 
mined RF signal, the optical signal passes 
through the branch/insertion AOTF to enter a 
no-passing state, when there is a level differ- 
ence between optical signals having respective 
different wavelengtiis to be passed through the 
branch/insertion AOTF for transmission, said 
optical transmission apparatus compensates 
for the level cfifference by applying to the 
branch/insertion AOTF low power RF signals 
conresponding to the optical signals to l>e 
passed through for transmission, the power 
level of the low power RF signals differs based 
on \he level difference of the optical signals to 
be passed through for transmission, and the 
transmission system stops transmission of 
optical signals to l>e passed through, at one- 
wave selection AOTF by applying to the one- 
wave selection AOTF no RF signals con-e- 
sponding to the optical signals to be passed 
through. 

51. The system according to claim 50 wherein: 

said optical tranismission apparatus continues 
applying to the brahch/insertion AOTF the low 
power RF^ signals correspbiiding to the optical 
signals to be passed through regardless of 
whether or not an optical signal is to be 
branched or inserted and regardless of 
whether or riot there is a level difference 
between optical signals to be passed through 
for transmission, so that a sum power of RF 
> signals applied to the branch/insertion AOTF is 
kept constant. 

52. The system according to dairti 20. further compris- 
ing: 

an RF oscillator for generating RF signals hav- 
ing a stepwise increasing poi^er level, up to a 
predetermined power level, the RF osdilator 
protecting agath^ a sudden b(>tical surge in an 
optical amplifter provided in a transmission line 
when an RF signal is turned on. 

53- The system according to claim 20 further compris- 
ir>g an RF signal control circuit to instantaneously 
apply an RF sigrial at ia predeterrriined RF fre- 
quency and power, the RF signal control drcuit hav- 
ing a ROM foir storing caiise^effect data regarding 
the effect oh the transmission system caused by 
applying a pluraRty of different FtF signals, tiie RF 
signal control drcuit determining, according to the 
cause/effect data stored in the ROM, whether the 
predeterhfvned RF frequerKy and power can be 
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rnstarrtaneously applied. 

54. An optical transmission system having an optical 
transmission apparatus for modulating intensity of a 
transmission signal into one or more optical wave- s 
lengths for transmission, and transmitting the wave- 
lengths in an optically-annplifying multiple relay 
transmission, and having in the optical transmission 
apparatus a r>ode having a function of branching 
and inserting a transmission signal light in a trans- io 
mission line, corrprising: 

mear^s for rtKxiulating an optical phase or an 
optical frequency of a transmission light in a 
transmitting unit wherein: is 
said transmitter performs a chirping such that a 
waveform can be extended in the transmission 
line, arxJ has a dispersion compensation 
means, between the transmitter and the trans- 
mission line and t>etween the transmission line 20 
and a receiver, for compensating for a wave- 
length dispersion characteristic in the transmis- 
sion line. 

55. The system according to claim 21. wherein a plural- 25 
ity of riodes are provided in the transmission line. 

the system further comprising: 

a dispersion corrpensator, provided at each 
node, for compensating for the wavelength dis- 30 
persion characteristic in the transmission line. 

56. The system according to claim 55 wherein: 

the anxHjnt of dispersion conpensation of 35 
each said dispersion compensator is set based >- 
on an anx>unt of d spersion in a preceding por- 
tion of the transmission line, between the dis- 
persion conrpensators. 

40 

57- The system according to claim 21 . wherein: 

the trar)smission line has a positive wavelength 
dispersion valua 

45 

58. The system according to claim 21 . wherein: 

the chirping is applied by the transn^itler in 
accordance with a chirping parameter of about 
+1. 50 

59. The system according to daim 21, wherein: 

the dispersion, conpensators respectivety pro- 
vided in the transmitter and between the trans- 55 
mission line and the receiver have a variable 
anxHjnt of dispersion compensation set based 
on a transmission route. 



60. The system according to claim 54. further cornpris- 
ing, dispersion conpensation means for changing 
an anrxHjnt of dispersion compensation depending 
on a transmission route. 

61. The system according to claim 21 wherein: 



said dispersion conpensators each conprise: 
a plurality of dispersion conpensator devices 
having a same or ditferert amount of disper- 
sion conpensation; and 
an optical switching device to pass optical sig- 
r>als transmitted by the transmitter through a 
selected one or mae of the dispersion com- 
pensation. devices to achieve optimum disper- 
sion conpensation. 

62. An AOTF for selecting a wavelength from a multi- 
plexed optical signal having a plurality of wave- 
lengths, arKi branching or inserting the selected 
wavelength.conprising: 

a substrate; 

an RF signal source for causing a surface 
acoustic wave to propagate on the substrate; 
a resonator provided on the substrate: and 
a controller, connected to the resonator, to 
nieasure a surface temperature of the sul)- 
stratef by detecting a change in resonant fre- 
ijuency off the resonator, and to control the RF 
signal source thereby stabilizing operation of 
the AOTF. 
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